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Chapter 1: Organization of the Scientific Literature and the Flow of
Information in the Sciences

ORGANIZATION OF THE SCIENTIFIC LITERATURE
This book is a guide to the biological literature, but not in the usual sense of an annotated list of
resources or a bibliography. It is based on a credit course whose purpose is to help graduate
students and upper level undergraduate students find the information they need. I have been
teaching this course for more than 20 years, and have continually revised the approach. I have
found that students need to understand basic concepts underlying the search methods covered
here, and that will be emphasized in this book. The book is written for undergraduate and
graduate students. Thus fundamental principles are paramount here, as well as the methods of
searching based on these. In this part of the chapter we will focus only on one principle:
information is not only stored in the documents of a literature, but is transmitted from one
publication to another. We will chart the flow of information based on types of publication. Each
publication type has its purpose, and that will be covered in the appropriate chapters. In the next
part of this chapter we will illustrate a search using some of the resources covered here.
We will examine several kinds of resources. They all fit into a pattern, based more or less on the
flow of information from one type of reference to another. The classification of these resources is
based on Bonn and Smith (1).
Information originates in the field, the laboratory, or clinic, and then is reported in primary
sources.
1. Primary sources: these include journals, conference reports, monographs, dissertations
and theses, technical reports and other sources. Primary sources report the actual original data
(results) as well as experimental methods and conclusions. Journal articles may also contain
reviews of the literature in their introductions.
Material may be presented first at a conference or meeting before it appears in a journal article.
This oral presentation then serves to announce the results of the research (it will be written up as
a conference paper in the conference proceedings, which are then often published as a book).The
research results may later be published as an article in a journal. Journal articles have generally
been through a rigorous peer review screening, and therefore can serve to validate the results.
They also provide detailed descriptions of the methods used, and discussion and conclusions.
There is an introduction (with references) which will serve to relate this research to other
research and publications in the field. Therefore there is a web of connections between
publications
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There is a really major difference between the kind of information in journal articles and that
found in the secondary and other sources which depend on journal articles. In an article the
methods used to discover the facts are described. Statistical tests are often used to indicate how
accurate the information is. All this is to help the reader evaluate the information, and this is
entirely different from just presenting facts (as in other types of publications). Theses and
dissertations also report research results directly, as primary sources. They can be valuable
sources of information, because of their thoroughness and length. Generally your college or
university will have a collection of its own theses and dissertations. If they are from another
institution they can generally be borrowed through interlibrary loan. Sometimes the due date for
a term paper is too soon to wait for interlibrary loan. Some online databases cover dissertations
as well as journal articles. For undergraduate students, it is best to focus on finding journal
articles instead of dissertations, since they are usually more readily available.
There is a great variety of primary sources, and we tend to think of the journal article, conference
paper or thesis as the heart of it all. Yet there are patents and the whole world of government
documents. One chapter will cover U. S. Federal Government documents.
2. Secondary sources: These provide access to the primary literature. Journals can be browsed
for the latest information, but to search the literature by subject or key word the secondary
sources are needed. Bibliographies, abstracts, indexes and online bibliographic databases will do
the job. Secondary sources refer directly to the primary sources and make possible organized
comprehensive searching instead of hit or miss.
A. Bibliographic types - One category provides bibliographic information - references, with or
with out abstracts, to the primary literature, and therefore provide the ability to search the
literature.
1) Bibliographies – These are lists of books or articles on a specific topic. They can be serial in
nature, can be published in regular journals, or as books. In book form, they cover a narrow topic,
going back in time but not always right up to date (Biodiversity studies: a bibliographic review
(2) is an example). Yet they can be very useful for beginning a search of the literature.
2) Indexes – Indexes are organized lists of current references to articles or other publications.
They generally cover broad areas, are published annually or more frequently, and keep you fairly
up to date. They permit searching the current or past literature, covering journal articles,
conference papers, dissertations, or even books. They represent the main avenue for most
literature searching, along with abstracts. Examples are PubMed (3) and Zoological Record (4).
3) Abstracts – These have essentially the same function as indexes, but provide a reference and
an abstract of each publication listed. They can be up to date, up to a few months ago. The
abstract of an article summarizes what is in the article and can help you decide whether to read
the article or not. Examples are Biological Abstracts(5) and Dissertation Abstracts(6).
Often indexes which did not have abstracts in the original print version do have them in the
online version. This is true for PubMed and for Biological and Agricultural Index. The latter also
has links to full text.
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4) Current awareness tools - special indexes, such as Current Contents (7) or CARL Uncover (8)
keep you very up to date in the literature, up to a few weeks ago. These are basically collections
of journal tables of contents.
B. Survey types - Another category provides references to the primary literature AND factual
information about a field - survey types.
1) Review articles - These survey the literature in narrow fields thoroughly. They can be found in
serials with titles such as: Annual Reviews in ...., Advances in ..., Current Topics in ..., Progress
in…. They are generally written by a seasoned expert in the field. They provide an integrated,
organized review and evaluation of a narrow field, and very lengthy lists of references which can
be extremely useful if the review is on a topic you are also working on. Therefore they can serve
as a literature search toward the beginning of your research. Advances in Parasitology (9) is an
example.
2) Monographs - this term can mean books in general, but here we mean research monographs
which review a discipline thoroughly, providing many references, and much information on the
topic covered. The term monograph can also refer to books which are devoted to a thorough
account of single species, or closely related species. An example is Starlings and Mynas, by
Christopher Feare (10).
3) Treatises - Major multivolume works which cover a field exhaustively, and take many years to
write (therefore they can become out of date soon after publication). Libby Hyman’s seven
volume work, The Invertebrates (11) is an example, and like most, was written many years ago,
as works of this size are not often written today. Yet a treatise can be the definitive work in a
field.
C. Provide data or factual information, primarily:
1) Encyclopedias - provide summaries of topics. The Encyclopedia of Life Sciences, in 20
volumes (12) is one. Encyclopedias also provide brief lists of references, and can be an excellent
place to start your research.
2) Dictionaries - provide definitions of terms, and some are very specialized. Some
encyclopedias and some biographical tools are called “dictionaries”, and this shows how terms
are sometimes used loosely. Examples of the degree of specialization of dictionaries: they can be
general, or specialized as dictionaries of science, biology (such as Henderson ’s Dictionary of
Biological Terms (13)), zoology, or even genetics or ecology. The more specialized ones list
more terms in their specialty than general ones.
3) Handbooks, manuals, data books, etc. -. These provide data in the form of tables and charts,
with references to the primary literature. They are good for quantitative information. Examples
are Handbook of Chemistry and Physics (14) and many others.
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3. Tertiary Sources: These sources do not always provide direct access to the primary literature,
but do provide information of a variety of types, in a discipline or field. This information can be
factual, personal, about organizations, or about the literature as such.
1) Textbooks - at various levels, from introductory to advanced, these allow one to learn a new
field. Good ones do have many references to other books and articles, so can be considered to be
secondary literature in that sense. One example is Invertebrates: A New Synthesis by Richard S.
K. Barnes (15).
2) Directories - These help you find people, learn about people, or find associations.
biographical, such as the Dictionary of Scientific Biography(16);
those containing brief biographies, such as American Men and Women of Science(17),
and the various Who’s Whos;
•
organizational, such as the directories of members of scientific societies (so they can be
contacted);
•
ones which list organizations and tell what they do, such as the Encyclopedia of
Associations (18).
•
•

Literature Guides - These guides introduce you to the literature of a discipline, and serve a
function similar to the function of this book. Using the Biological Literature: A Practical Guide,
by Diane Schmidt, et al, is one of the most up to date ones (19)
Other Considerations
We will be covering several entirely different formats in this book: print (the original format),
online, CD-ROM, and the Internet. The primary, secondary, tertiary classification holds true
generally in the print literature, but not on the web. Here original data can be entered directly
into a database, so it is primary, yet the same database can also contain references to the
literature, so it is
also a secondary source. The data can come from journal articles, and also be used in research,
the results published in an article. Now with the DNA sequence databases, one scientist can input
data and another can review it critically, so the database becomes a kind of center or crossroads
for scholarly interaction. GenBank is an example (20).
Another way to look at the flow of information is to diagram the steps in this flow
One can be found at: http://faculty.washington.edu/ehh/denver2002/pubcycle.gif (21).
Here a key point is that there is a complete cycle, because information in the various sources is
necessary for research and development, and the discoveries coming out of the research will then
make their way into primary publications, starting the cycle again. The “in-progress sources” are
not covered here because they may not be available to a student or to the kind of search methods
covered here. The chart does show the progressive steps on the way from the in-progress sources
through the primary, secondary and tertiary sources. Notice near the beginning of the cycle that
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there are informal types of communication which occurs between scientists, before the
discoveries get into print at all.
A SEARCH EXAMPLE: ENDANGERED MONKEYS IN BRAZIL’S ATLANTIC FOREST
A. The Web
1. Choice of Topic - The first step in a literature search is to choose a topic. You may want to do
a preliminary search, or browse the library’s resources to find a topic for a term paper or for
other research purposes. Once a topic has been chosen, doing some preliminary research will
help you determine if there is enough material to do a research project. It is best not choose too
narrow a topic (where it will be hard to find much) or too broad, where you can be overwhelmed.
A reference librarian can be very helpful here.
2. Terms - Collect all terms related to the topic early in the search. The example followed here
has these terms: Brazil, rainforests, Atlantic Forest, Mata Atlantica (this term was discovered
during a search for books - it is the term for Atlantic Forest in Brazil), endangered species,
endangered animals. Any of these can be used to do further searching, although some will work
better than others.
3. Searching the Web
The Web is a very convenient place to start. There are many ways to set up your strategy, only a
few shown here:
a) It is easy just to put in a term such as atlantic forest (Google will be used here; Fig.1). It
would retrieve 384,000 hits. This far too many. Most of these results will be irrelevant, so a more
restrictive search is needed.
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Fig.
1. Search for Atlantic Forest using the Google search engine. Google search results, © Google,
Inc. are used with permission.

b) Put the term in quotes "atlantic forest", and get 159,000, far fewer, with higher relevance
(Fig. 2). However they are not restricted to Brazil:
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Fig. 2. Phrase search using Google search engine. Google search results, © Google, Inc. are used
with permission.
c) So many sites show up that you can easily narrow your search. A plus sign in front of each
term makes sure the term appears in the title or brief description.
d) A strategy which works well is: "atlantic forest" +brazil +endangered +monkeys. (Fig. 3).
It retrieved on 3560 items with the most relevant ones in the top 20 or so. A few should be
examined. The second site does list species, but it is not clear which ones are in South America.
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Fig. 3. Full search strategy using Google search engine. Google search results, © Google, Inc.
are used with permission.

e) "Woolly spider monkey", (Fig. 4) in the next search, retrieves 6680 hits, and we find that
the scientific name for it is Brachyteles arachnoides.
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Fig. 4. Search for a common name of a species, using Google search engine. Google search
results, © Google, Inc. are used with permission.

f) The scientific name, Brachyteles arachnoides, retrieves more authoritative results, generally,
than the common name of a species.
1 - The IUCN (International Union for the Conservation of Nature) one is an excellent site, the
famous IUCN Red List of Threatened Species.
2 - The site from the journal Folia Primatologica which is one of the top journals covering the
primates.
3 - Further down, "Primate Fact Sheets" because it comes from the University of Wisconsin.
Of course there are more.
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Fig. 5. Search for the scientific name of a species, using Google search engine. Google search
results, © Google, Inc. are used with permission.

To sum up the search methods:
a) Use quotes for a two or more word phrase.
b) Narrow your search with additional words.
c) Use a plus sign in front of each word so it shows up in the title.
d) Use the scientific name of a species to get more scholarly and authoritative results.
e) Use relevant words found in the first, or preliminary search to design later searches.
The web is the easiest way to find information, but there is so much more in an
academic library's resources. Some professors do not want students using web resources,
because not all of them are good authoritative site, and because they want students to be able to
do research in many other sources, like books, the library's online catalog, and scientific journals.
Therefore we will explore those resources now.

13

B. Book Sources
1. Encyclopedias as a starting point - An encyclopedia can be a good place to start, providing a
summary of the topic and preliminary references to other sources. It can also provide general
background information. Of course the articles in most encyclopedias are arranged alphabetically
but it is best to use the index. It lets you explore related, narrower and broader topics, especially
if your term does not show up as such. A check of the index for Encyclopedia Americana (22),
testing several terms, reveals some material under “Rain Forest” and “Brazil”.
Turning to page 456 we find, embedded in a much larger article, some material on the Atlantic
Forest. The references at the end of the article do not look very promising, so another
encyclopedia is tried (actually, for most topics Americana is very good).

In the Encyclopaedia Britannica’s index (23) we find “rainforest” as one word rather than two. In
general, when searching words like this, use both alternatives – rainforest or rain forest..
Under this we find “ South America ”, and we find some material on south Brazilian forests.
Turning to the end of the article, we find a very extensive list of references.Among these, one
stands out: “The Last Rain Forests: A world conservation atlas” (24). It has material on the
Atlantic Forest (but not listing the endangered species). Maps are provided.
Encyclopedias can also provide some specific information, particularly about the species
involved. The web search revealed an endangered monkey: the Woolly Spider Monkey. In the
Encyclopaedia Britannica index we have a number of choices. The index shows "spider
monkeys" and lists the Woolly Spider Monkey.Turning to the volume and page indicated, we
find an entry for the Woolly Spider Monkey which tells us that it is endangered, and there is a
general description along with classification of the monkey.

Notice the neighboring entry on woolly monkeys which give us more background information
and the relation between woolly monkeys, spider monkeys, and the Woolly Spider Monkey.
2. Subject Headings and the Online Catalog - Are there any books on this topic in the library?
Using the online catalog, you can easily just type in key words and find books on a topic.
However it is much better to really know how the catalog works, so you can explore it fully,
especially with this topic, where some of the material is hard to find. The catalog illustrated here
is called the HELIN Catalog (Higher Education Library Information Network). It includes the
library collections of several colleges and universities in Rhode Island, U.S.A. It uses the
Innovative interface (25), so it may be familiar to many readers. Yet the methods shown here can
be applied to other catalogs. There are two distinct kinds of search terms: a) key words, such as
can be found in a book title (any word can be a key word); and b) subject headings which are in a
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list of approved terms, The Library of Congress Subject Headings (26). This is an example of a
Thesaurus. You are no doubt familiar with a thesaurus, such as Roget’s which helps you find
synonyms for words. A thesaurus in the sense used here is somewhat different. It lists approved
terms and under each refers you to broader, narrower, and related terms. It also lists unused
terms you can avoid. Here is an example: If one looks up “Atlantic Forest” as a subject term, one
is referred to “Mata Atlantica ( Brazil )” (Fig. 6) and that is the term to search under. This is a
cross reference from an unused term to a term which can be used as a subject heading.

Fig. 6. Cross reference from “Atlantic Forest” to “Mata Atlantica,” Library of Congress Subject
Headings. Copyright © 2007 the Library of Congress except in the U.S.A. Software copyright
Innovative Interfaces, Inc. Reprinted by permission. All rights reserved.

Subject headings generally get you more thorough searching than key words, since they do not
have to appear in the title. In this case we would find (Fig. 7) one book which is not very useful
to us.
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Fig. 7. Online catalog entry for book on Atlantic Forest. Software copyright Innovative
Interfaces, Inc. Reprinted by permission. All rights reserved.

We will need to learn more about subject headings, so we need to see some very important
relations between terms. Note that "endangered animals" is an unused term, and you are referred
to “Endangered Species” (Fig. 8).
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Fig. 8. Cross Reference from “endangered animals” to “endangered species,” Library of
Congress Subject Headings. Copyright © 2007 the Library of Congress except in the United
States.

Under this you will see a list (UF) of the unused headings, such as endangered animals. A very
useful feature is the next three lists. BT refers to broader terms, useful if you don’t find books on
your topic – you can find a book under a broader topic which has a chapter on your topic. RT
refers to related topics, and NT refers to narrower topics. You can look up any heading in these
BT, RT, and NT lists separately in the Library of Congress Subject Headings, to explore further.
Just ask a reference librarian for the Library of Congress Subject Headings which are often kept
at the desk.
3. Finding Books - If you look up “Endangered Species” in the catalog, you will find general
books on the topic, but as you scroll down the list you will find various subheadings. Note
“Endangered species – Brazil, Southeast” (Fig. 9).
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Fig. 9. Subject heading, “endangered species,” subheading “Brazil, Southeast.” Software
copyright Innovative Interfaces, Inc. Reprinted by permission. All rights reserved.

Two books are listed here, and one of them (Fig. 10) deals directly with an endangered species
in the vicinity of the Atlantic Forest if not in the forest. We have hit pay dirt, finally. However
we do want to explore further.

Fig. 10. Two books listed in online catalog. Software copyright Innovative Interfaces, Inc.
Reprinted by permission. All rights reserved.
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C. Sources in Serial Publications
Articles in journals and magazines are more up to date than books, and one advantage of
searching them is you nearly always find much more material right on your topic.
We will be exploring databases to find articles. The specialized biological databases will be
covered in a separate chapter, but here we will cover a general database to illustrate some basic
principles. There are various general databases, such as InfoTrac (27) and Academic Search
Premier (EBSCOhost)(28). The topic will be explored on Academic Search Premier, but the
methods can be applied in general.
The search engine on the initial page has three search boxes where you can type in the terms (Fig.
19). Many databases use very similar search engines. We can ask specifically for literature on
our topic. In the first box we type in “endangered species”. To the left we see a small box with
the word “AND” in it. This means that the endangered species results will be restricted to the
term in the second box. If you used OR instead, you would get everything on endangered species
and also everything on the Atlantic Forest . Sometimes you need to restrict a search further so a
third box is supplied. Our search shows “endangered species” in the first box and “mata atlantica
OR atlantic forest” in the second box (Fig. 11), to be sure that BOTH terms are restricted to the
concept of endangered species. If we had put “atlantic forest” in the third box combined with an
OR, it would be searched without restriction to endangered species, and you would get too much
irrelevant material.
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Fig. 11. Search for endangered species in Atlantic Forest, Academic Search Premier. Reprinted
by permission, EBSCO Publishing, Inc.
We find five articles. Some have full text available, and for those which don’t, you can search
the library for the appropriate journals. In this case five articles may not be enough. There are
two ways to enlarge your search results: a) you can review the references at the ends of the five
articles you found – this is an essential part of any research; b) you can make your search
strategy less restrictive. To do the latter you can use just one term: try “atlantic forest” alone (Fig.
12).
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Fig. 12. Search for Atlantic Forest only, Academic Search Premier. Reprinted by permission,
EBSCO Publishing, Inc.

This will get you much that is irrelevant, but since computers are not perfect and can miss some
good ones, you may find it was worth it to do this. Within the 145 items found there are a few
that were NOT caught by the previous search (Fig. 13), and yet are of some value
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Fig. 13. Search results for search shown in Fig. 12. Reprinted by permission, EBSCO Publishing,
Inc.

Not all databases have these features, but Academic Search Premier allows you to limit your
search to articles with full text right online, or to periodicals only, or to academic sources
(eliminating popular sources, such as popular magazines). You can use any one or more of these
limits. However it is best to start searching without the limits, and see if you have enough
retrieval to be able to limit the search in a second try.
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Chapter 2. Primary Sources
This chapter will explore the different types of print and electronic journals to provide a glimpse
of this landscape, in the belief that this will aid in searching the literature more effectively.
PRINT RESOURCES
The fundamental purpose of the primary sources is to report the result of research carried out in
the laboratory, clinic, field, or other locations where research is performed. Once discoveries
have been made, they can be communicated by various informal means – personal
communication, preprints, letters to the editor, etc. (1), as shown in the publication chart
(http://faculty.washington.edu/ehh/denver2002/pubcycle.gif). At some point they can be
presented at meetings and then published in conference proceedings. They may, however be
published in the journal of the society sponsoring the meeting (2). Thus a conference paper may
be the major record of the results of an experiment. They don’t always lead to separate journal
articles but often do (3).
Journal articles serve the role of validating the results, because they are generally peer reviewed
(4). They are the major primary sources for students doing library research.
Since many of the primary sources are serial in nature, a few definitions are needed (5):
• Serials are published annually or more frequently
o Annuals are published just once per year
o Periodicals are published more frequently
 Journals are written for researchers and scholars
 Magazines are written for the general public
 Newspapers can be published daily or at various frequencies.
Journals can be published weekly, biweekly, monthly, bimonthly, or quarterly. We tend to think
of journals as published one volume per year, but that is not always true. The Journal of
Biochemistry, for example, is published in two volumes per year, six monthly issues each.
Types of Serials
Journals differ in their degree of specialization. Science and Nature
cover all the sciences. BioScience covers biology, Journal of Zoology covers zoology, and
Condor, just ornithology. These are examples of differing taxonomic specialization. Journals
can also be specialized by functional discipline, such as ecology, physiology, genetics, etc.
Articles within a specialty are generally concentrated in the journal of that discipline, with fewer
articles in less specialized journals, and fewer yet in the general science ones (6). The major
types are (7):
Research Journals: These report results of scientific research, and represent the major peer
reviewed resources.
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Proceedings: These are the published records of papers presented at meetings. Research journals
may also contain conference papers in a special section.
Transactions: These report the transactions, or activities of a society, including research.
Rapid Publication Journals: Life Sciences is an example – articles get published within a few
months, generally faster than in most journals
Bulletins: These are generally research journals, published by a society.
Newsletters: These report society news and events such as upcoming meetings, etc. They are
often physically quite different from other journals – they may be only a few pages in length, and
sometimes typed on cheap paper.
Audience Levels
• Magazines can be read by the general public, and are often colorful, replete with
ads, and do not always have the author of each article listed. Time is
an example.
•

There are a few journals quite suitable for undergraduate students, such as BioScience
and Ambio (covering environmental topics). These are more scholarly in nature, always
listing the author, having experimental data, and references at the ends of the articles.

•

There are also trade journals, which are often colorful, may resemble popular magazines,
but are clearly pitched to members of a particular profession, such as fishermen,
engineers, physicians. They can contain many colorful ads. Journal of the American
Medical Association is an example.

•

Finally there are scholarly journals, written by scholars for scholars, i.e., by scientists for
scientists. These comprise the main body of research journals. They have authors listed,
data, charts and tables, methods, and many references. Journal of Zoology is an example.

Features
We think of research journals as consisting mainly of articles. However there is much more:
letters to the editor, advertisements, announcements, news items, ongoing research, book reviews,
society news, job announcements, instructions to authors, and more.

ELECTRONIC JOURNALS AND THEIR PROVIDERS
Many journals are available electronically, or electronically as well as print. They can be found
directly through the library’s online catalog, and by using an online bibliographic database (such
as Academic Search Premier (8) or ScienceDirect (9)), if at least some of the articles covered
are available in full text format. If you find an article in

ScienceDirect, the references at the end of the article may be linked to full text via CrossRef
(10), greatly expanding your retrieval.
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Electronic journals are also provided by a number of open access providers, where they are often
freely available. These can be the traditional journals or new ones which are published by that
provider and available only electronically through them (open access as a concept will be
discussed below).
The following information about the advantages and disadvantages of electronic journals was
presented at a conference (11):
Advantages of Electronic Journals
• Electronic journals are available at any time of day or night, regardless of library hours.
• They can be available in your office or at home if you have a computer and are linked to
the university or college network.
• Articles can be printed out at will.
• For the library, there is no need to provide storage.
• Current issues and archival, older issues are available conveniently at the same site.
Disadvantages
• Sometimes the electronic version may not have all the features available in the print
version. The example of Nature (12) was brought up. My own investigation of one issue
of Nature, using print and electronic (from Academic Search Premier), showed the
electronic version only lacked advertisements. However that also meant the lack of job
announcements, which is a useful feature in Nature.
• Archives have a low priority with publishers, since they get less usage. You may have to
trust the corporate provider to maintain the archives. In contrast, if the library has older
print volumes in print, at least you know they are there.
• The electronic archives may not go back as far as the library holdings.
• Availability is not always open and free – sometimes membership in a society and/or a
password is required.
• Only a minority of journals are available electronically, although the number is growing
rapidly (as of 2002, there were 11,000 electronic journals out of about 260,000 serials
total (13).
In my experience as a reference librarian, it has become clear that many university faculty have,
for a long time, wanted electronic access to journals right in their offices, and now they have it,
at least for some. Therefore it seems clear that the trend will continue to be toward expanding
electronic access to journals.
OPEN ACCESS

Economic factors have caused the need for major changes in delivery and access to journals.
Journal subscription prices have risen dramatically every year for many years now, while library
budgets have not (14). Libraries have had to cancel subscriptions, even important ones. These
problems have lead to a new way to make journals available. Open access refers to free access to
electronic journals, and involves charging authors for articles submitted to an open access journal,
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but not charging libraries or individuals for a subscription. This is really a boon to readers of
electronic journals, as noted above under advantages. However, it is not all quite as free and
convenient as it might appear. According to a panel discussion at a recent conference (15) open
access comes in several “flavors”:

•

delayed (In Academic Search Premier, an online database, some journals are available in
full text only after six or twelve months – this delay is referred to as an embargo)
partial (only some articles available in full text)

•

author can submit articles free

•

author pays to submit articles

•

open access to abstracts only

•

unqualified or complete free access.

•

In the past several years new organizations have developed to provide free access to electronic
journals. In some cases there is free access to long established journals and in other cases the
provider publishes entirely new journals (BioMed Central does so, see below).
The most prominent initiators and providers of open access journals will be described below, in
order by date of founding:
2.1 SPARC (Scholarly Publishing and Academic Resources Coalition).
Washington, DC: SPARC, 1997-. Available: http://www.arl.org/sparc/.
This organization was founded by the Association of Research Libraries (ARL) in response
to the rapid rise in the cost of scientific journals. The focus is on scientific, technological, and
medical literature. SPARC initiates competitive alternatives to high priced journals (16). An
example (17) is Organic Letters, launched with a subscription price of $2300, to compete directly
with Tetrahedron Letters, which at the time cost $8000. SPARC advocates change in the culture
of scholarly communication, and promotes awareness of major issues. It launched BioOne in
2000 (see below). SPARC continues to launch new journals with very competitive prices. It
does so in part through its many partners. Among those listed below, it partners with BioOne,
BioMed Central, and PLoS (18). SPARC has about 300 members, mainly universities in North
America

and Europe (19). They pay a fee in exchange for the journals provided. Therefore the user does
not have to pay. SPARC is also involved in initiatives in universities to make faculty
publications available locally (20). If all these initiatives are taken together, along with new ones
which it continues to start, one can see that SPARC is a major engine for change, making the
scientific literature more available. Access to the SPARC sponsored journals is through your
library, if your institution is member.
2.2 ScienceDirect. New York: Elsevier, 1998-. Available:
http://www.sciencedirect.com.
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This database covered 1800 journals as of 2005, from Elsevier and its affiliate publishers
(21]. They can be searched by key words in a search engine or browsed in an alphabetical list.
Dates covered are 1995 to the present. Full text is available for some of the journals, those
subscribed to by the library (this may depend on the type of license). Subject coverage by
ScienceDirect is very broad, even including arts and humanities, and business and management.
The major focus is on science, of course, and those categories of interest to biologists are:
agricultural and biological sciences; biochemistry, genetics and molecular biology;
environmental science; immunology and microbiology; neuroscience. In addition to journals, it
provides access to several major databases, if your library subscribes to them through
ScienceDirect (22). Among these are BIOSIS Previews (the more complete version of Biological
Abstracts, covering journal articles and other publications such as conference papers) and
MEDLINE. ScienceDirect also provides access to over 200 million science web sites through the
Scirus gateway(23). Scirus also indexes many journal articles (through BioMed Central as one of
many sources) and other publications. Access is through your library’s home page, or library’s
database listings.
2.3 BioOne. Washington, DC: BioOne, 1999-. Available:
http://www.bioone.org/bioone/?request-index-html.
This service was launched by SPARC. It is a collaboration of scientific societies, libraries,
academe and the private sector (24). The five BioOne partners are: Allen Press, Inc., American
Institute of Biological Sciences, Greater Western Library Alliance, SPARC, University of
Kansas. It covers research journals in the biological, ecological and environmental sciences. It
provided access to 81 journals as of December, 2005 but one can expect that number to grow.
The goal is to have 200 journals (25). It is paid for by the college or university subscribing, with
free access to the articles. BioOne uses CrossRef. This means some of the references at the ends
of articles can be clicked on to get the full text of that reference. However, only some of the
references have this feature. There are also other link systems used here. Access is through your
library. However, if your institution is not a subscriber, there is full access to a few feature
articles on the BioOne home page.
2.4

PubMed Central. Bethesda, MD: National Center for Biotechnology
Information, 2000-. Available: http://www.pubmedcentral.hih.gov/.

This was founded by the National Library of Medicine (U. S.) and is managed by the
National Center for Biotechnology Information (NCBI) (26).
It provides free access to the peer reviewed journal literature in medicine and biology, 214
journals in all, as of December 2005 (27). That figure includes 60 journals published by BioMed
Central, and the five titles from Public Library of Science (PLoS) all these also freely available
here. It should be mentioned that PubMed Central does not publish, but accepts journals from
those who publish them with strict standards for acceptance (26). PubMed Central encourages
publishers to deposit the full contents of the journal. The minimum required is the research
articles (28). At present only articles in English are available in PubMed Central. Dates of
coverage vary by journal. Some newer journals may only have a year or two of coverage, but
some are archived here back to the early 1900s. Some journals however have an embargo against
access to the latest six months or a year. You can search by key word across all these journals,
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and you can select one journal from the journal list – within one journal you can also search by
key word, or you can browse any issue of the journal. If you do browse an issue and find a good
article, you can retrieve an abstract, full text (XML), or PDF. We generally think of PDF as
having the advantage, especially for illustrations, but the XML version also has illustrations. The
full text version also has links in the article’s references. The references are linked to PubMED
abstracts or to full text. This feature greatly enhances your search capabilities (but is not
available in the PDF version). This illustrates a major point: there is a trend toward more and
more linkage to full text and between databases and other utilities. Access is through the PubMed
database (on the PubMed home page, look to the lower left, just click on “PubMed Central”).
2.5 BioMed Central. London: BioMed Central Ltd., 2000-. Available:
http://www.biomedcentral.com.
This provider publishes “original research reports using a peer review system, and a nonpeer reviewed section” (29). It is managed by the Current Science Group, Inc. (which includes
Current Controlled Trials, Current Medicine, Science Press, Ltd.) If you access it through
PubMed you will have access to 60 BioMed Central journals (noted with “BMC” before the title).
However if you go to its own site, http://www.biomedcentral.com you will find these 60 titles
(published by BioMed Central) among a total of 179 titles (as of 2005). Ten forthcoming
journals will be added to the list shortly (30). Not all of them have full open access, sometimes a
subscription is required. Many are review serials. The subject coverage is very broad, including
most disciplines within biology and within medicine, biotechnology, international health and
human rights, medical ethics, nutrition, psychiatry, public health and veterinary research. There
are gateways (31) which are “collections of content and resources from journals and sites
published by BioMed Central, of interest to researchers in particular subject areas”. They are:
bioinfomatics and genomics, cancer, microarrays, neuroscience, neurology and psychiatry, RNAi,
and systems biology. A very important development, in fact part of a general trend toward direct
access to data, are the 1100 databases listed under 43 subject areas. These are not bibliographic
databases such as

Biological Abstracts or PubMED, but contain experimental data such as gene sequences and
other data, and also synopses of published information. Another feature is the Primers in Biology,
which are excerpts (two-page spreads) from texts, on basic areas of biology, for learning or
refreshing your knowledge. Under development is a biology image library. Access to BioMed
Central is through the web.
2.6 PLoS. San Francisco: Public Library of Science, 2000-. Available:
http://www.plos.org.
The Public Library of Science started in 2000, but the first journal became available in 2003
(PLoS Biology): A coalition of scientists founded this one. It has editors and trained scientists to
provide peer reviewing of the articles submitted. Its purpose is to provide unlimited, free access
to the latest scientific research. Open access is the model used here, with authors paying a
modest charge per article published, but the user is not charged. This web site currently lists
these five journals (32): PLoS Biology, PLoS Medicine, PLoS Computational Biology, PLoS
Genetics, and PLoS Pathogens]. New ones will certainly be added to the list. In fact, PLoS
Clinical Trials will be published in the Spring of 2006 (33). Each journal can be browsed, and an
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article can be retrieved in full text, in PDF suitable for the screen or for printing. There is a
search engine for key word searching. PLoS can be accessed through the web.
Some Important Journals
Scientific journals often provide more services to the scientific community than just original
research articles. The most common ones are:
• Letters to the editor
• Editorials
• Instructions to authors
• Book reviews and lists of new books
• Review articles
• Opinion columns
• Brief articles (notes) or reports
• Scientific society news
o Upcoming events
o Reports of meetings
o Society officer election results
o Announcements of prizes awarded
o Obituaries of prominent members
• News features covering events in science or in governments
• Advertisements for:
o Products
o Equipment
o Publications
o Jobs

Several journals will be described here to illustrate this. These are peer reviewed journals except
for the popular science titles. For each journal a URL will be listed, but they often require
payment or membership. The best means of access for students is through a full text database
(such as Academic Search Premier (EbscoHost) or Biological and Agricultural Index), or
through your library’s home page, or finally, in print. The print edition can be an advantage since
some databases have an embargo period on the latest six or twelve months, preventing access to
the current issues.
GENERAL SCIENCE
2.7 Science. Washington, DC: American Association for the Advancement of
Science, 1883-. Weekly. Available: http://www.sciencemag.org/
This journal covers all the sciences. It is the principal journal of the American Association
for the Advancement of Science.. Each issue contains many features. An important one is “News
of the Week”. Here such topics as the bird flu epidemic, news from the U. S. Congress, science
and scientific facilities and institutions in many countries, science education, and more are
covered. It has letters to the editor, and book reviews. There are job listings. Science Express
lists important web sites. The research function is served by a major research article (generally a
review article of considerable length), and the Reports, which are the primary literature here:
brief research articles. Science also has advertisements for laboratory equipment and software,
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and even has an occasional special instrument issue with many of these ads and specifications.
Online archives (past issues) are from 1995 to the present.
2.8
Nature.
London: Nature Publishing Group, 1869-. Weekly.
Available:
http://www.nature.com/nature/
This journal also covers all the sciences. It is widely distributed to many countries, and is
heavily cited (34). Like Science, it has many features. It covers science news, has letters to the
editor (correspondence), book reviews, advertisements and job announcements. It has articles,
but also much briefer research reports called “Letters”.
Like Science, it is available electronically. There are several related, but more specialized
journals: Nature Chemical Biology, Nature Genomics, Nature Bioinformatics, Nature Genetics.
Online archives are from 1960 to present.
2.9 PNAS: Proceedings of the National Academy of Sciences of the United
States. Washington, DC: National Academy of Sciences, 1915-. Weekly.
Available: http://pnas.org/
The National Academy of Sciences was founded by an act of Congress in 1863 (35), and it
advises the U. S. Federal Government on science matters but is not a government agency. It
covers most of science, and the main research articles are divided into three categories: Physical
Sciences (physics, mathematics, chemistry and applied physical sciences); Biological Sciences
(fourteen subcategories including Anthropology, Medical Sciences, Social Sciences); a brief
section. It also has commentaries, addresses, and a perspective article. Online archives are from
1915 to the present.
POPULAR GENERAL SCIENCE TITLES

2.10
Discover.
Chicago:
Time, Inc.
1980-. Monthly.
Available:
http://www.discover.com/
This is an excellent general science magazine. It has an excellent news section, and major
articles which often describe the research behind the information in the article. “Discover
Dialogue” is an interview of a prominent researcher. “Vital Signs” covers medical issues,
generally a case study describing symptoms and treatment of a serious illness. Each article has a
further reference at the end, often a web site. There is also a bibliography page toward the end of
each issue. There is a column called “Think Tank” which discusses a scientific advance.
Illustrated book reviews are present. There is a page called “Bogglers” with mind boggling
puzzles, with a reference to a different page with solutions. Online archives are from 1992 to the
present.
2.11 New Scientist. London: Reed Business Information, 1956-. Weekly. Available:
http://www.newscientist.com/.
This magazine covers science and technology. It has letters, editorials, news (including
brief news items), major articles (generally 4-6 pages) book reviews, regular columns, ads and
job announcements. It is very good for keeping up with what is happening in science. It is
informative, yet provides entertaining reading. Online archives are from 1987.
2.12 Popular Science. New York: Popular Science Publishing Co., 1950-.
Monthly. Available: http://www.popsci.com/popsci/.
This is one of the best in its field, especially regarding new technology. It has some
coverage of biology and biotechnology, but its main focus is on technology. It has a “What’s
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New” section (which covers the latest gadgets and inventions), short news items, several
columns, editorials, and letters. There are major stories, the bulk of the magazine. The biology
coverage tends to be in the news section. Archives are from 2004.
2.13 Science News. Washington, DC: Science Service, 1921-. Weekly. Available:
http://www.sciencenews.org/
This newsmagazine is much briefer than any of the others listed here, the main articles
only 2-4 pages in length. It also has letters, book reviews, and brief notes. It is good for keeping
you up to date on science in general, without involving much of your time. Archives are from
1994.
2.14 Scientific American.
New York: Scientific American, Inc., 1845-.Monthly.
Available: http://www.ScinetificAmerican.com/.
Each issue of this magazine has several major articles, along with news items, an editorial,
web sites, letters, book reviews, and several columns. A unique feature is “50, 100 & 150 Years
Ago”. This is a collection of brief news items from the past in Scientific American. It makes very
interesting reading. The advertisements tend to be industry oriented. One feature sets Scientific
American apart from the other popular science magazines: the articles are not written by science
writers, but by experts in the field, often the very scientists who did the research. It also is
written for the intelligent, educated layman, not the entire public at large. Each article has a
“More to Explore” feature at the end, which is recommended further readings on the topic.
Archives are from 2003.

BIOLOGY
2.15 BioScience. Washington, DC: American Institute of Biological Sciences,
1964-. Monthly. Available: http://www.aibs.org/bioscience/.
This journal covers all of biology and is suitable reading for undergraduate students. It has
news items, major articles, editorials, book reviews and advertisements. It also has news
announcements for AIBS. It is a very good source for book reviews, since the reviews are
lengthy and thorough. In addition there are lists of new books. The Fall Books issue has more
extensive coverage of the new books, including a lengthy essay which covers many titles. Each
issue has a major topic as a theme. Archives are from 1984.
2.16 Journal of Experimental Biology. Cambridge, Eng.: Company of Biologists
Ltd., 1923-. Monthly. Available: http://jeb.biologists.org/.
This journal’s main focus is research articles, but it does have book reviews and
commentaries. It occasionally publishes a classic article from the journal in the past. There is a
feature “Inside JEB” which previews and summarizes a few important articles. Archives are
from 1923, with full text available from 2001.
MORE SPECIALIZED TITLES
2.17 American Journal of Botany. St. Louis, MO: Botanical Society of America,
Inc. 1914-. Monthly. Available: http://www.amjbot.org/.
This journal covers every aspect of plant biology: anatomy, development, ecology,
physiology, biochemistry, reproduction, systematics, and more. It has articles and brief
communications and meetings announcements. Archives are from 1997.
2.18 American Journal of Physiology. Bethesda, MD: American Physiological
Society, 1887_. Monthly. Available: http://ajpcon.physiology.org/
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This is one of the most prestigious journals in biology. Each monthly issue is massive,
containing a few hundred pages. It is divided into several sections: cell, endocrinology and
metabolism, gastrointestinal and liver, lung cellular and molecular, heart and circulatory,
regulatory, integrative and comparative, and renal physiology. Each section is further
subdivided by topic, and there are several article in each. Each section also has one or more
review articles, or an editorial focus or theme article. There are advertisements and meetings
announcements. It is available online at: http://www.ajpcon.org. There is, however subscription
prices for print, online or a combination of the two. Archives are from 1898, an unusually
extensive set.
2.19 Canadian Journal of Botany. Ottawa, Ont.: National Research Council of
Canada, 1951-. Monthly. Available: http://canjbot.nrc.ca
This is also a prestigious journal. It covers the major areas of botany, but focusing on
mycology, plant pathology, ecology, structure and development, systematics and
phytogeography. The abstracts and tables of contents are in English and French (but the French
table of contents lists article titles in English. The actual article contents are in English only.
There are special issues devoted to meetings. Archives are from 1998.
2.20 Canadian Journal of Zoology. Ottawa, Ont.: National Research Council of
Canada, 1951-. Monthly. Available: http://cjz.nrc.ca.
Like the Canadian Journal of Botany, abstracts are in English and French. In addition to
major articles, there are shorter notes. Behavior, biochemistry, physiology, ecology, and other
areas in zoology are covered. All animal phyla are covered. This is also a top journal. There is a
special issue (January 2005) consisting of review articles on the Protochordata (precursors of the
vertebrates) which is also a number in a series:
The Biology of Neglected Groups. Archives
are from 1998.
2.21 Copeia. New York: American Society of Ichthyologists and Herpetologists,
1913-. Quarterly. Available: http://apt.allenpress.com/aptonline/
This is published by the American Society of Ichthyologists and Herpetologists. It has
been published quarterly since 1913. It covers morphology, systematics, ecology and other
aspects of the study of fish, amphibians and reptiles. It also has articles announcing the discovery
of new species. The section “Historical Perspectives” covers some important biographies.
Obituaries are also present. There is a column “Editorial Notes and News”. This is the most
prominent, well known journal in this field. Archives are from 1998.
2.22 Journal of Bacteriology. Washington, DC: American Society for
Microbiology, 1916-. Twice Monthly. Available: http://jb.asm.org/.
The American Society for Microbiology publishes several major journals. This journal is
one of the top journals in microbiology. It covers genomics, proteomics, pathogens, signal
transduction, microbial communities, gene regulation, microbial cell biology, plant microbiology,
genetics, molecular biology, physiology, metabolism, and enzymes. These topics reflect the
historic importance of microbiology in the development of molecular biology. There is also in
each issue a “minireview”. This is essentially a shorter version of a review article. Archives are
from 1992.
2.23 Journal of Cell Biology. New York: Rockefeller University Press, 1962-.
Semimonthly. Available: http://www.jcb.org/.
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This journal has had a title change from Journal of Biophysical and Biochemical
Cytology, published 1955-1961. It covers all areas of cell biology. It has news features, review
articles and most of each issue is taken up by research articles. There are advertisements. There
is section: “In This Issue” which summarizes and highlights some of the articles. There is also
“Research Roundup” covering various aspects of current research. There is the column “From
the Archives”, which covers previously published research. It should be noted that many of the
figures, as in quite a few other journals, have color. This is useful especially for research with
fluorescent antibodies. Archives are from 1995. Content is free if it is six months old or older.
2.24 Journal of Zoology. Cambridge, Eng.: Cambridge University Press, 1965-.
Monthly. Available: http://journals.cambridge.org/action/displayJournals?jid-ZOO.
This journal is edited by the Zoological Society of London, (which also edits Zoological
Record, an important index and database discussed in Chapter 4, Databases). It covers anatomy,
ecology, and other aspects of zoology. Advertisements for books and journals also are present.
Archives are from 1998
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Chapter 3 Reference Sources
General Sources
The purpose of this chapter is to reveal the variety of reference resources – those which are
available in a library’s reference collection (or online in some cases). Another purpose is to aid
in searching for information among these resources. A common characteristic of reference
sources is they are not read cover to cover, but contain information can be looked up. It can be
everything from specific data, definitions, to fairly lengthy encyclopedia articles.
1.Dictionaries
Dictionaries provide definitions of terms. Unlike the popular general dictionaries, the more
specialized ones do not always have keys to pronunciation. The degree of specialization can vary
considerably: general, science, biology, ecology for example. Sometimes a reference work is
called a dictionary when it isn’t: Dictionary of Scientific Biography, for example (1).
Dictionaries sometimes have lengthy entries, much more than definitions. Some examples follow:
Dictionary of Bioinformatics and Computational Biology. John M. Hancock, and Marketa J.
Zvelebil, editors. Hoboken, NJ: John Wiley and Sons, 2004. Each entry has a title, authors,
definition or description, further reading, and a list of websites which can be quite extensive.
Cross references to other terms are also included. A complete list of synonyms is provided, a
useful feature in a rapidly advancing field.
The dictionary is unusual in having a table of contents and an index. Both are useful because
the entries, though alphabetically arranged, are fairly lengthy.
Dictionary of Biology. Oxford, England: Oxford University Press, 2004. This
dictionary covers biology and biochemistry, with ancillary coverage of paleontology, soil
science, physics and chemistry. There are 5000 entries. Each has a definition and cross
references. Like many such dictionaries, there are appendices including measurement units,
classifications of the animal and plant kingdoms, and a geological time scale.
Dictionary of Ecology and the Environment, 3rd ed. Edited by P. H. Collins. Chicago: Fitzroy
Dearborn, 1998. Here is a more specialized title, with pronunciation. It has appendices
covering classification, geological timescale, natural disasters, endangered species and
human population.
Hickey, Michael, and Clive King. Cambridge Illustrated Glossary of Botanical Terms.
Cambridge, England: Cambridge University Press, 2000. 208 p. Each term is defined and
indexed to the page where it is illustrated. Following the glossary is a 160 page set of
illustrations of the botanical terms. Since botany has a detailed and unique system of
anatomical terms, this book provides a way for those who are not professional to learn these
terms and easily decipher descriptions in the more technical plant guides
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Lawrence, Eleanor. Henderson’s Dictionary of Biological Terms, 12th ed. Harlow, England:
Pearson Education Limited, 2000. This dictionary provides basic definitions without
pronunciation. This is one of the best dictionaries for general biology. In addition to
definitions of terms, there are cross references to related terms. Front matter includes a brief
guide to abbreviations, units and conversions. Important prefixes are listed as well as the
Greek alphabet.. There are eight appendices. The first six are outlines of classification of the
major kingdoms and domains: plants, fungi, animals, protoctista, bacteria and archaea. Virus
families are also classified. The final appendix is: “Etymological Origins of Some Common
Word Elements in Biology”, many of which are prefixes. There are 40 basic but clear
illustrations.
McGraw-Hill Dictionary of Scientific and Technical Terms, 6th ed. New York: McGraw-Hill,
2003. This dictionary is much broader in its coverage, but it is also much larger than the
others, at 2380 pages, so it can provide good coverage of biology. Pronunciation is included,
as are numerous appendices. One of these provides a very extensive classification of living
things, for a dictionary. It has a good section on biography if one needs very brief accounts of
a scientists.
Note that of the dictionaries covering rainforests, Henderson’s provides a quantitative criterion
for rain forests: 254 cm of rain per year, or 100 inches, and the Oxford Dictionary also provides a
quantitative criterion, but listing it at 200 cm per year.
2. Encyclopedias
Encyclopedias can also be general or specialized, and may vary from one volume to twenty or
more. The one volume encyclopedias may have short entries, only a paragraph, or a few lengthy
articles, such as in the Encyclopedia of Genetics (see below).
Encyclopedia of Genetics. Edited by Eric C. R. Reeve. London: Fitzroy Dearborn, 2001. This
is a one volume encyclopedia with lengthy articles covering genetics including clinical
genetics. Each article has author, author address, lengthy text, glossary and references. There
are illustrations.
Encyclopedia of Human Nutrition. Edited by Michele J. Sadler, J. J. Strain, and Benjamin
Caballero. San Diego, CA: Academic Press, 1999. 3v.
This encyclopedia covers all nutrients and many topics in nutrition. There are numerous
charts and tables, and each article has references. Appendix I covers the FDA Pesticide
Program. Appendix II has a very extensive collection of tables and charts.
Encyclopedia of Life Sciences. London: Nature Publishing Group, 2002. 20 volumes.
Available online at http://www.els.net/els/public/home/default.asp?sessionid=public. The
online version must be subscribed to by your library, and requires a user name and password
to gain access. This is one of the newer major encyclopedias with comprehensive coverage of
biology.This work is especially good in molecular biology. The arrangement is alphabetical.
Entries include a table of contents, definition of the term, figures and references. There is a
special section of color photographs in the middle of each volume.
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Grzimek’s Animal Life Encyclopedia, 2nd ed. Schlager, Neil, editor. Detroit: Thomson Gale,
2003. 17 volumes.
There are many sources with more information about the species. Grzimek’s Animal Life
Encyclopedia (2) is good because of its taxonomic arrangement. One of the mammal
volumes (Volume 14) covers these primates. The Index has cross references from scientific
names to common names, from Brachyteles to Muriquis for example. There is a section on
Howler monkeys and spider monkeys (pp. 155-169). A complete classification is given along
with information about the group. On page 164 there is the detailed species account for the
Southern Muriqui, Brachyteles arachnoides. Note the alternate names provided, such as
woolly spider monkey. The account also covers physical characteristics, distribution (note
that it is a species of the Atlantic Forest), all basic biology, and the fact that it is considered
critically endangered by the IUCN. The range is shown on a map.]

Nature Encyclopedia of the Human Genome. Edited by Daniel N. Cooper. London: Nature
Publishing Group, 2003. 5 volumes. This encyclopedia covers structural genomics
(chromosome structure, gene sequences), functional genomics (gene expression, RNA
function), evolution, comparative genomics, genome mapping and sequencing methods,
genetic diseases, population genetics, bioinfomatics, proteomics, and legal and ethical
aspects of those topics. Each entry has title author, definition, a brief table of contents for the
article, the article, references. Of special interest is the very large (37 pages) glossary of
terms in this new and rapidly growing field.

3. Handbooks and Manuals
A good definition of a handbook can be found in Bonn and Smith(1): “A handbook (or manual)
in science and engineering usage is a compact, fairly up-to-date relatively complete, authoritative
compilation of specific data, procedures, and professional principles of a subject field,”. A good
handbook is well organized and all the data in the charts and tables are fully referenced, so one
can go back to the source to see how it was determined or measured, to evaluate it. Some
examples:
Bergey’s Manual of Systematic Bacteriology, 2nd ed. Edited by George M. Garrity. New
York: Springer, 2001. 5 volumes, 2 now in print. There are many identification guides which
describe species. However, for bacteria, much more is needed: laboratory methods, including
isolation procedures. This manual has all necessary methods. Front matter includes several
articles dealing with prokaryote classification. Each species entry includes the class it
belongs to, authority for each genus, description, keys, family, isolation procedures, growth
requirements, and more. Although each entry has further readings, there is also a very
extensive bibliography at the end. Bacteria and Archaea are covered.
CRC Handbook of Chemistry and Physics, 86th ed. Edited by David R. Lide. Boca
Raton, FL: CRC Press, 2005. This is probably the most widely used handbook in the sciences.
It contains many very extensive tables of data, in chemistry, physics and mathematics. The
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data are fully referenced. For biologists, the most useful information may well be the
properties of organic and inorganic compounds: molecular weight, solubility, chemical
formula, etc. It has an appendix with 22 tables of mathematical formulas.
Duke, James A. Handbook of Medicinal Herbs. 2nd ed. Boca Raton, FL: CRC
Press, 2002. 870p.
This handbook covers about 1000 herbs from the most beneficial to the most toxic. For each
one, common and scientific names are listed, as well as synonyms. Activities (medicinal
effects), indications (what conditions or illness they are used for), dosage with regard to
plant part used, contraindications, interactions and side effects, and the efficacy of extracts
are covered for each plant. Some plants are illustrated with line drawings. The plants are
given a safety rating. There are other rating systems used, one for rating the research on the
plant’s medicinal effects. Each entry is heavy with abbreviations: one set covers chemicals
organizations, diseases, and many other categories; the second set is reference abbreviations
keyed to the bibliography in the back. Indexes cover scientific and common names. The
abbreviations allow a lot of information to be condensed into each entry
Groombridge, Brian, and Martin D. Jenkins. World Atlas of Biodiversity: Earth’s Living
Resources in the 21st Century. Berkeley, CA: University of California Press, 2002. Covers
the human impact on biodiversity, biodiversity through time, terrestrial, marine and
freshwater biodiversity. It has several appendices covering recent extinctions, food crops,
classification, and other areas.
Handbook of Nutrition and Food. Edited by Carolyn D. Berdanier. Boca Raton, FL: CRC
Press, 2002. 1533p. This massive work covers food constituents, metabolism represented in
charts and maps, comparative nutrition, human nutritional needs, nutritional status
assessment, diets, and clinical nutrition. There is an enormous amount of data in the hundreds
of charts and tables. There are many tables, charts, illustrations, summary and many
references. It is an essential nutrition reference.
Soil Biology Guide. Edited by Daniel L. Dindal. New York: John Wiley and Sons, 1990.
1349p. This massive volume covers the taxonomy, biology and ecology of selected North
American soil organisms. For each major group classification, identification keys, and
descriptions are provided. A very large number of species illustrations make this an excellent
guide to identification. The groups covered are: soil bacteria, soil fungi, soil algae, soil
protozoa, flatworms, nematodes, annelid worms, and many soil arthropods (including
arachnids, insects, crustaceans, centipedes, millipedes and other smaller classes).
Springer Handbook of Enzymes. Edited by Dietmar Schomburg and Ida Schomburg. Berlin:
Springer, 2001. 24 volumes, and Synonym Index. This handbook lists more than 20,000
enzymes. It is available online at http://www.springer.de/enzymes/. For each enzyme the
Enzyme Commission Number, systematic name, recommended name, synonyms, Chemical
Abstracts Service Registry Number, source organisms, reactions and specificity, reaction
type, natural substrates, and much more are provided. Also covered: enzyme structure,
molecular weight, preparation, stability, and references. In addition to the references
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provided, literature on each enzyme can be searched using the Registry Number in Chemical
Abstracts or SciFinder Scholar.
Topley & Wilson’s Microbiology and Microbial Infections. 9th ed. Edited by Leslie Collier,
Albert Balows and Max Sussman. London: Arnold, 1998; New York: Oxford University
Press, 1998. 5 volumes. This comprehensive work covers viruses, bacteria, fungi, and
parasitic protozoa and worms, in 47 chapters. Morphology, culture, isolation, identification,
and mechanism of infection the major topics covered for each organism. There are important
tables, such as one covering isolation and propagation systems for many viruses. Electron
micrographs are numerous. Many organisms and processes are illustrated with diagrams, and
there are color plates. A valuable feature is the very lengthy bibliography at the end of each
chapter. NOTE: Need 10th now.
Zomlefer, Wendy B. Guide to Flowering Plant Families. Chapel Hill, NC:
University of North Carolina Press, 1994. This includes 130 families chosen for botanical
and economic importance. Each entry includes detailed description of structure, general
family characteristics, number of genera and species, distribution, major genera, U. S. and
Canadian species, economic plants, commentary and references. The plant parts are
represented by exceptionally fine drawings. In fact this can serve as a source for illustrated
plant anatomy. The families are arranged according to the Thorne classification, but an
appendix shows them under the Cronquist classification.
.
4. Directories
The following directories cover all subjects, not just biology, but they have features and content
of value to biologists.
Dictionary of Scientific Biography. Charles Coulston Gillispie, editor. New York: Scribner,
1970-1980. 16v.
This directory covers nonliving scientists from antiquity to the present.. There is a lengthy,
usually several pages, biography of the scientist, especially good at covering the scientist’s
work. For each scientist there are two bibliographies: a sample of the scientist’s own
publications, and then writings about the scientist and his work. This directory is a classic. It
is unequaled in its coverage.

American Men and Women of Science. New York: R. R. Bowker, 1989- . 8v.
Now in its 22 edition, this directory covers living American scientists (132,877 in this
edition). Each biography includes discipline, birth date, marriage , children, honorary degrees,
education, society memberships, professional experience, research, and contact information.
All this is much abbreviated, in a single paragraph, but there is a key to the abbreviations in
the front of each volume. Entries are arranged alphabetically.
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Research Centers Directory. Donna Wood, editor. Detroit: Thomson Gale, 2005.
3rd ed. Annual.
This directory covers research institutes associated with universities and other nonprofit
centers, in the sciences and many other areas, in the United States. There are 13,800 in all.
Each entry includes a reference number used by the indexes, complete contact information,
budget, databases, research, publications, library holdings, and much more in an abbreviated
paragraph. Entries are organized by subject. There are four indexes: Master Index
(alphabetical by title), Personal Name Index, Geographic Index, and Subject Index (by
principle field of study).
Encyclopedia of Associations. Detroit: Thomson Gale, 1961- . 3v.
This annual directory covers organizations in the United States (22,000 in the
42nd edition). Each entry includes a reference number used by the indexes,
complete contact information, president or chief officer, founding date,
membership, a description of purpose and activities, publications, and other
information. It has an organization name and key word
index, a geographic and an executive index. Since the organizations are
arranged by subject, this can be very useful in discovering scientific
societies in your research field.
A more specialized directory:
Frodin, David G. Guide to the Standard Floras of the World. 2nd ed. Cambridge,
England: Cambridge University Press, 2001.
This directory covers floras and plant checklists, arranged by geographic region. Each
flora is cited in full with numbers of genera and species, and a description of the flora are
included. Indexes to the flora and a bibliography are included. A map showing the
completeness of the floras of the world is provided. There is a code for each geographic region.
For each region there are notes on the history of the floras. There is also a table of contents for
each continent covered. [look at it to fully revise and clarify this write-up].
5. Literature Guides

Davis, Elizabeth B. and Diane Schmidt. Guide to Information Sources in the Botanical
Sciences. Englewood, CO: Libraries Unlimited, 1996.
This guide covers the botanical literature including bibliographies, abstracts and indexes,
journals, dictionaries, encyclopedias, directories, field guides, taxonomic sources and
biographies.

Schmidt, Diane. Guide to Reference and Information Sources in the
Zoological Sciences. Westport, CT: Libraries Unlimited, 2003. This guide covers indexes,
abstracts, journals, literature guides, handbooks, dictionaries and encyclopedias, textbooks and
identification tools, and web sites. It is arranged according to classification of animals. It is a
revision of an older important literature guide, Guide to the Zoological Literature: The Animal
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Kingdom by George H. Bell and Diane B. Rhodes (Englewood, CO: Libraries Unlimited,
1994).
Schmidt, Diane, Elizabeth B. Davis, and Pamela Jacobs. Using the Biological
Literature: A Practical Guide, 3d ed. New York: Marcel Dekker, 2002. Also
online at: http://www.library.uiuc.edu/bix/biologicalliterature/
This is currently the major guide in biology. It has an introductory chapter covering
the history of the biological literature and its characteristics. It describes
thousands of sources: databases, web resources, journals, reference books, and
other important books. It is organized by broad subjects.
There are other literature guides, much older, which list a lot of the older, classical literature:
Blackwelder, Richard E. Guide to the Taxonomic Literature of Vertebrates. Ames, IA:
Iowa State University Press, 1972. 259p.
This guide covers the literature of the fifty years prior to its publication date, based on
Zoological Record. It is not comprehensive, but is a strong starting point for research
in this literature. The first chapter, “Animals in General” covers several types of
references, such as bibliographies, glossaries, directories, but also covers types unique
to biology: faunas, nomenclature, classifications. Each chapter thereafter covers one
of the vertebrate classes, listing the same kinds of works, and also monographs,
catalogs and more.
Wood, Casey A., compiler. Introduction to the Literature of Vertebrate Zoology.
London: Oxford University Press, 1931. 643p.
This guide is based on the collections in the libraries at McGill University. The first
part of this unique literature guide, “Introduction to the Literature of
Vertebrate Zoology” has sixteen chapters, each is a bibliographic essay providing
access to many valuable sources. There is an “Index Indicis” which is a subject guide
to a much larger author index to the main body of the work. This index Organizes the
authors by country and then vertebrate class. It serves students who can thus select
those authors they may wish to look up. The main body of this guide is a list of works
arranged alphabetically by author, with full citations and brief annotations. At nearly
400 pages, this represents the very extensive collection at McGill University, and is a
valuable resource, especially for the older literature.

Types of Reference Sources Unique to Biology
1. Identification
a. Field Guides – These are generally small and they are primarily designed for use
in the field, for quick identification of species.
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A Word About Field Guides: There are many books, articles and web sites which can
give a detailed description of a species, but there are times when you need a small,
convenient book out in the field, for quick identification of a species. In 1934 Roger
Tory Peterson developed a new way to identify birds, with an arrow pointing to
theone essential distinguishing feature of each bird species, in the illustrations (5).
The book was “A Field Guide to Birds” (3). It has been revised often.
Since the first “Field Guide to Birds”, the publisher, Houghton Mifflin has produced
many field guides (more than 64 now) (4), covering most animals and plants.
However other publishers have field guide series also. One notable one is the
National Audubon Field Guide Series, published by Alfred A. Knopf. This series is
distinguished by excellent clear color photographs of each species. A step forward in
field guide design is The Sibley Guide to Birds (5). It has a page for each family with
comparison illustrations. For each species, birds perched and in flight are shown, as
well as all plumages. For each species the illustrations, description and range map are
all on one page, a great convenience. Distinguishing field marks are shown by
pointers as in the Peterson Field Guides.

1) Animals
Borror, Donald J. and Richard E. White. Field Guide to the Insects of America North
of Mexico. Boston: Houghton Mifflin, 1970. NEED NEW ED.
Field guides to many classes of animals and plants can cover all species, but there are
so many species of insects that this guide instead covers all the families, and only
handles representative species. Entries are arranged by order and family. Orders are
described, including similar orders, immature stages, habits, classification and
number of species. For each family, identification and a discussion of life stages,
habits and other information is provided. Illustrations of typical species include
shaded drawings, color illustration for some and line drawings for body parts where
particular features are to be pointed out. Field marks are pointed to with arrows. The
inside covers have pictured keys to the main orders. Beginning sections include:
“How to Use This Book”, Collecting and Preserving Insects” (this one is quite
extensive), “Work with Living Insects”, “The Structure of Insects” , and “The
Growth and Development of Insects”. There is also a three page chart: “Characters of
the Insect Orders”.
Some More Specialized Insect Guides:
Opler, Paul A. Field Guide to Eastern Butterflies. Boston: Houghton Mifflin, 1992.
396p.
Tilden, James W. and Arthur Clayton Smith. Field Guide toWestern Butterflies.
Boston: Houghton Mifflin, 1986. 370p.
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Pyle, Robert Michael. Audubon Society Field Guide to North American Butterflies.
New York: Alfred A. Knopf, 1981. 916p.
Covell, Charles V. Field Guide to the Moths of Eastern North America.. Boston:
Houghton Mifflin, 1984. 496p.
Wagner, David L. Caterpillars of Eastern North America. Princeton, NJ: Princeton
University Press, 2005. 512p.
The number of insect species is so great that a field guide covering them may not be
enough. Therefore there are field guides to major groups of insects. In this case to just
one order, the Lepidoptera, the butterflies and moths. These tend to be large and
identifiable by the general public, unlike some insect orders where species
identification requires an entomologist. These guides have descriptions of species,
range, range maps, similar species and color illustrations. They also have introductory
material on collecting or precautions when handling (in the case of caterpillars with
spines). The Field Guide to Eastern Butterflies by Paul Opler has some color
photographs in addition to the standard paintings, and some color photographs of
caterpillars. It covers 524 species. The Field Guide to Western Butterflies by James
W. Tilden covers 512 species. Both guides have extensive introductory materials on
collection and butterfly biology. There is some species overlap
between the two guides. The Field Guide to Moths of Eastern North America by
Charles Covell covers 1300 species, an unusually large number for a field guide of
this size. These guides do not cover caterpillars extensively, but Caterpillars of
Eastern North America by David Wagner covers 383 species in depth and another
210 species illustrated but covered briefly. Most of the species covered have, in
addition to color photographs of the caterpillars, color illustrations of the adult moths
or butterflies.

Boschung, Herbert T., et al. National Audubon Society Field Guide to North
American Fishes, Whales and Dolphins. New York: Alfred A. Knopf, 1995.
The Audubon Field Guides differ from most in having color photographs for each
species rather than drawings or paintings. Each family has a description and an
overall silhouette in the margin. Each species entry has common name, scientific
name, description, size, habitat, range, related species and comments. There is often a
small illustration in the margin. Range maps are in the margins next to the species
entry. Each of the 681 species in North America are illustrated with a color
photograph, and among these are the 45 whales, dolphins and porpoises. The external
anatomy of fish is illustrated in line drawings in the introduction. There are
appendices: a glossary (mainly anatomical terms), picture credits and the index which
lists common, scientific and family names.
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Burt, William H. Field Guide to the Mammals: North America North of Mexico, 3rd
ed. Boston: Houghton Mifflin, 1980.
This guide has descriptions of 380 species of mammals. Each entry has common and
scientific names, identification, size, similar species, habitat, habits, description of the
young, and information on the litters. Range maps are larger than in most field guides,
and are in the text pages. There are color plates with arrows to the distinguishing
features of each animal. Opposite each plate is the list of illustrated species, with
distinguishing features and page references. Appendices include black and white
photos of skulls (important because most mammal species are rarely seen, yet skulls
can often be found), a chart of dental formulae, references and in index. Front matter
include some tracks, a checklist of species, and “How to Use this Book”.

Comagno, Leonard, Marc Dando and Sarah Fuller. Sharks of the World. Princeton,
NJ: Princeton University Press, 2005.
This very current guide covers the 453 known species of sharks. The entries are
arranged in taxonomic order by order and then family. Each species entry has
identification, size, distribution, habitat, behavior, biology, and status (degree of
endangerment). There is a range map, and a line drawing of the side view and ventral
view of the head. The species are also illustrated in color plates with brief
descriptions. The introduction has illustrations of the external features and
classification. There is a section on the evolution of fishes. There is also a chapter on
the anatomy of sharks, life history, and much more. There is a key to the orders and
families of living sharks. There is an extensive glossary. There is a brief chapter on
field observations, suggested readings, scientific societies, museums, and a
bibliography. There is an index to scientific names, one for English names, and a
checklist of species. This book is thorough enough and well enough organized that it
will be recognized as a classic among field guides, in this author’s opinion.
Conant, Roger, and Joseph T. Collins. Field Guide to Reptiles & Amphibians: Eastern
and Central North America. Boston: Houghton Mifflin, 1998.
This guide, covering 595 species and subspecies, is unusual in the Peterson Field
Guide Series in providing color photographs for some, in addition to the illustrations
in the plates. Each entry has common and scientific names, a reference to plate
numbers, identification and size, range, habitat, and subspecies where appropriate.
Range maps appear in the text. Appendices show selected tadpoles, a brief glossary,
extensive references, and there is an index. Front matter include and introduction,
“Making and Transporting the Catch” which illustrates some traps, and “In Case of
Snakebite” with good advice and prevention and treatment.

Page, Lawrence M. and Books M. Burr. Field Guide to Freshwater Fishes: North
American North of Mexico. Boston: Houghton Mifflin, 1991.
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There are 790 species covered in this guide, all known freshwater species in the
region covered. Each family is described, and for each species, there is identification,
size, range, habitat, similar species, and remarks. Color plates are in the center of the
book, and range maps are in the back. In the introductory chapter there is a list of
marine species which can be seen in freshwater. General external fish anatomy is also
illustrated. On the pages opposite the color plates are lists of the illustrated species
with distinguishing characteristics. There is an extensive glossary. The index includes
common, scientific and family names. Inside the front and back covers are
illustrations of fish typical of each family, with page references.
Peterson, Roger T. A Field Guide to the Birds. 5th ed. Boston: Houghton Mifflin,
2002. This classic guide covers all the birds in North America east of the 100th
meridian, in the United States and Canada. In addition to native birds, accidentals
from other continents and exotic birds (escapes) are covered. The species entries are
arranged by family. For each the common name, scientific name, identification,
similar species, voice and range are covered. Each bird is illustrated by the author in
color. Distinguishing field marks are pointed out by arrows. The range maps in the
back show summer, winter, and year-round ranges. The index lists common and
scientific names, as well as families. A map shows the area covered. There is a
systematic checklist, so you can record species you have seen. A fully illustrated
section “How to Identify Birds” is included. An illustration shows all the external
features of a bird, explaining the meanings of terms used. Inside covers show
silhouettes of some common birds, perching and flying.
Sibley, David A. Sibley Guide to Birds. New York: Alfred A. Knopf, 2000.
This guide covers 810 species in North America north of mexico. Compared to the
older bird guides, it has numerous innovations. There is a two page spread on each
family or order (referred to as the Group Account), with a description and small
illustrations of the species in that taxonomic group. Then there are the species
accounts with a description, voice, range map, and several illustrations. The
illustrations cover the bird in flight, perching, and every plumage, male, female,
young at various stages, and other plumage variations. This is especially useful for
the hawks which often have varying plumage. The distinctive marks on each bird are
pointed to and labeled. For some species there are more detailed illustrations of the
head for easy identification. The range maps are different from most. Most do show
winter, year-round and summer ranges, but in this guide the maps also show
migration routes and rare occurrence locations. There is an introduction with a map of
North American regions used to define subspecies populations. There is also “Bird
Topography” which shows and labels all the surface features of birds, in greater detail
than in most guides. The inside front cover has “Keys to the Species Accounts”
“Keys to the Group Accounts”, and “Key to the Range Maps”. The inside back cover
has a physical map of North America.
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Stuart, Chris and Tilde Stuart. Field Guide to the Larger Mammals of Africa. Sanibel
Island, FL: Ralph Curtis Books, 1998.
This guide covers the larger and more easily observed mammals of Africa, excluding
bats, insectivores (shrews and moles) and smaller rodents. None smaller than 500
grams in weight are included. Each species entry has a description, distribution,
conservation status, habitat, behavior, food and reproduction. There is also a range
map and color photographs. This guide is notable for having an emphasis on
conservation and for its exceptionally clear photographs of the animals. There are 400
species covered. Entries are arranged in taxonomic order. There is an introduction, a
classification listing orders and families, a glossary and four indexes: to scientific
names, French common names, German common names, and English common names.
Whitaker, John O. National Audubon Society Field Guide to North American
Mammals. New York: Alfred A. Knopf, 1996.
This guide covers the wild mammals of North America North of Mexico.
Each species entry has a description, similar species, breeding, habitat and range.
There is a range map and sometimes a small illustration of tracks in the margin. There
is an excellent color photograph of each species indexed to the text. The Audubon
Field Guides are known for having color photographs rather than drawings or
paintings of the species. The introduction is quite extensive, and has diagrams of the
external features of mammals with terminology, and describes the main habitats and
other information. There is a glossary, list of endangered species and a geographic
range chart. The index covers scientific and common names.
2) Plants
Cobb, Boughton, Elizabeth Farnsworth and Cheryl Lowe. Field Guide to the Ferns
and their Related Families. Boston: Houghton Mifflin, 2005.
This guide covers over 500 species of ferns in the Northeastern and North Central
United States. Each species entry has style (of growth), ecology, structure of all plant
parts, and a line drawing of the fern and its parts in detail. Comparison with similar
ferns is also covered. Front matter includes fern morphology, illustrated keys for
identification, instruction in the use of the keys, the fern life cycle, the place of ferns
in the plant kingdom, fern habitats and conservation, and an illustrated key to genera..
The guide covers the true ferns, water ferns, and succulent ferns. It also includes a
major section on related classes of plants, the horsetails, clubmosses, ground pines,
spikemosses and quillworts. Other articles cover ferns in the garden and the evolution
of ferns and fern forests of the Coal Age. There are many beautiful color photographs.
There is a glossary, a bibliography, and a list of web sites on ferns.
McKnight, Kent H. and Vera B. McKnight. Field Guide to Mushrooms.
Boston: Houghton Mifflin, 1987.
This guide identifies more than 500 species of mushrooms in North America. Each
entry includes common and scientific name, a reference to a plate number, description,
edibility,, similar species and remarks. The illustrations are in color and each plate
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has a list of species on the opposite page, with distinguishing characteristics noted.
Appendices include references, a glossary, and even recipes. The index covers
common, scientific and family names. The section “How to Use this Book” shows
general anatomy of mushrooms, and warnings about how to avoid poisonous
mushrooms. There are further sections: “Mushrooms are Fungi” classifies the Fungi,
and there is “Poisonous and Edible Mushrooms”. Inside front and rear covers show
mushroom types by overall shape.

Peterson, Roger T. and Margaret McKenny. Field Guide to Wildflowers. Boston:
Houghton Mifflin, 1968, 1996.
The entries are arranged by flower color. 1293 species in 84 families are covered.
Each entry lists the common name, scientific name, family, description, range,
months of blooming, and a brief diagram of the flower structure. On the opposite
page from the descriptions are full illustrations. Some of these are in color, most are
line drawings. Front and rear are “Pictorial Glossary of Flowers” and Pictorial
Glossary of Leaves”. These show basic flower and leaf structure with the terms for
each. The index includes common, scientific and family names. Note the list of
Peterson Field Guides in the front. Front matter includes a map of the geographic area
covered, which is northeast and north central North America. There is an introduction,
a page on the endangered nature of native wildflowers, a glossary, and an extensive
section covering the many families of flowers, with descriptions and simple diagrams
of flower structures.
Petrides, George A. Field Guide to Eastern Trees. Boston: Houghton Mifflin, 1998.
This guide covers 455 species of trees in the eastern United States and Canada. Each
entry has the common and scientific names and a reference to the plate number where
it is illustrated. There is a detailed description, similar species, and an accompanying
map showing the range. The color plates are in the center of the book, and show leaf,
twig and fruit. Opposite each plate species are listed, each with a distinguishing
characteristic noted. There is a section with keys to trees in Florida, and appendices
including a glossary and references. The index lists common, scientific and family
names. In the front there is an “Illustrated Plan of the Six Main Sections”. This
shows the general shapes of leaves in each section: conifers, palms, compound and
simple leaves (opposite and alternate. “How to Use the Book” describes and
illustrates leaf and twig types along with other information, as well as information on
poisonous plants. There is a section showing tree silhouettes, very useful for winter
identification. The current edition also has color photographs.

b. The More Extensive Guides
1) General
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Electronic Biologia Centrali-Americana (http://www.sil.si.edu/digitalcollections/bca/)
This is an online version, produced by the Natural History Museum of the
Smithsonian Institution, of a 58 volume work, Biologia Centrali-Americana (London:
R. H. Porter, 1886- .) which lists more than 50,000 species of animals and plants in
Mexico and Central America, with more than 18,000 species illustrated. It may be the
most extensive work ever published on tropical species. The printed work is available
in only a few libraries, some of which do not have the entire run of volumes. It is very
fortunate that the entire work is now readily available to anyone at the above URL.
The digitization of this work will form the centerpiec of a project to make much more
taxonomic information available on the web, called INOTAXA (Integrated Open
TAXonomic Access)..
2) Animals
Arnett, Ross H. American Insects: A Handbook of the Insects of America North of
Mexico 2nd ed. Boca Raton, FL: CRC Press, 2000.
This guide lists all known genera of insects in North America, and has species counts
per genus. There is an introduction which covers classification, identification,
ecology, behavior, distribution, and collecting methods. The insects are arranged in
order of classification, with 31 orders. Orders are described and discussed at length.
There is a key to the families of each order. Families are described, as well as genera.
There are detailed anatomical diagrams, and many species are illustrated with a black
and white photograph. There are over 1200 illustrations in all. There is a glossary and
index. Each order has a bibliography. This is the most comprehensive guide to the
insects as a whole, of North America. Although it is not a small easily carried field
guide, its complete coverage will make it essential if one finds an insect not covered
by the field guides.
Birds of North America. Edited by Alan Poole, Peter Stettenheim, and Frank B Gill.
Philadelphia: American Ornithologist’s Union, and the Academy of Natural Sciences
of Philadelphia, 1993- . Vol. 1- .
This is a unique resource, an ongoing series of publications, one for each bird, and
forty in each volume. All the birds of North America will eventually be covered. Each
species account comprises about twenty pages, and includes a range map and color
photograph of the bird, general description, distribution, systematics, migration,
habitat, feeding, sounds, predator and prey relations, behavior, breeding, population,
conservation, and a large number of references. Each volume has a cumulative index,
so that the index in a later volume covers the whole set back to the beginning.

Borror, Donald J., Charles A. Triplehorn and Norman F. Johnson. Introduction to the
Study of Insects. Philadelphia: Saunders, 1989.
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The first five chapters of this text covers the basic biology of insects. Chapter Six
covers the characteristics of the Arthropod phylum as a whole, and its subdivisions. It
has keys to the orders and families of the spiders, millipedes, centipedes, crustacean
and other arthropods. Most the book is devoted to insects, a chapter for each order.
Families and subfamilies are described. There also keys to the families. The keys are
designed to be easily read and followed. The book is written for students. Important
species are illustrated with very clear line drawings. The final chapter covers
collecting, preserving, and working with live insects. There is a glossary and an index.
delHoyo, J., Elliott, A. and Sargatal, j. eds. Handbook of the Birds of the World.
Barcelona, Spain: Lynx Edicions, 1992- . Vol.1- .
This handbook covers all of the bird species of the world (about 9000). The
International Council for Bird Preservation (ICBP) is involved in the project to
produce an expected ten very massive volumes, hence one major purpose of this work
is to indicate the conservation status of each species. The bird species are arranged in
taxonomic order, by orders and families. Each family has an extensive account,
covering range (with map), systematics, morphology, habitat, habits, voice, feeding,
breeding, status and conservation. There are numerous color photographs in each
account, and a plate showing the species, resting and in flight. Each species account
has the common name in English, French, German and Spanish, as well as the
scientific name. Taxonomy, description, habitat, feeding, breeding, status and a
bibliography are provided. A range map is also provided. In the first volume [check if
in other ones] there is a section on the ICBP, an introduction which explains the
family and species accounts. There is a major chapter which covers the biology of
birds, illustrating the external features of birds, but especially very clear diagrams
covering every aspect of internal anatomy. There are two charts, based on two
different classifications, outlining the orders and families of birds with the number of
species in each family. At the end of the first volume there is a list of references to
scientific descriptions, and a very extensive general list of references.
Fuller, Errol. Extinct Birds. Ithaca, NY: Comstock, 2001. 398p.
This work lists extinct birds under groups of one or more orders. Each species has
common and scientific name, size and description (except where the appearance of
the bird in life is not known). There is a discussion of the natural history of the bird,
along with the history of its extinction. Each group has its own entry with a
discussion of the group and its extinct birds. There are numerous illustrations of the
birds, bones and habitats. There is an introduction and a chapter entitled
“Hypothetical and Mystery Birds”. There are paintings and other information about
bird species which cannot be verified.
Hall, E. Raymond. Mammals of North America. New York: John Wiley & Sons,
1981. 2vols.
This two volume work covers the mammals of the entire North America Continent
including Greenland.. Each species is described with size, anatomical details, range
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and any discussion whether it is one or more species. Subspecies entries include a
reference to the original description in the literature. There are also “Marginal
Records” of locations where the species has been observed. Range maps are included.
There are line drawings of the skull of each species, dorsal, ventral and lateral views.
Keys to genera are included. Volume I has an index to common names and one to
scientific names. The same is true of Volume II but it also has a 40 page bibliography
and a glossary.
Handbook of Marine Mammals. Sam H. Ridgeway and Richard J. Harrison, editors.
London: Academic Press, 1981- .v1- .
This is an ongoing series of volumes which will cover all the marine mammals of the
world, when it is completed. Each chapter is written by an expert on that species.
Each chapter has a brief discussion of the genus and species names, external features,
size, migration, breeding, population, some internal anatomy including dentition,
behavior, reproduction and more. There is a photograph, a range map and references
to the literature. Each volume has an index.
Long, John L. Introduced Mammals of the World: Their history, distribution and
Influence. Oxon, Eng.: CABI Publishing, 2003.
The need for a book of this kind can be stated: “Introduced species pose one of the
most important threats to biodiversity and are one of the major engines of ecological
disintegration. This comprehensive work provides an account of the movement of 337
species of mammals around the world” (from the back cover). For each species there
is a description, distribution, habits and behavior, a history of introductions, and
damage done by the introduction to new areas. The history of introductions tells each
new land where the species has been introduced, and this section can be quite long.
There is a map for each species which shows the home range of the animal and all the
locations where it has been introduced. The introductory chapter has a chart of the
number of species introduced into each country. There is a 42 page bibliography and
indexes to scientific and common names.
Long, John L. Introduced Birds of the World: The Worldwide History, Distribution
and influence of Birds Introduced to new Environments. New York: Universe Books,
1981. 528p.
This guide lists introduced birds arranged by classification. Each entry provides the
name , alternate names scientific name, description, general distribution, introduced
distribution, general habits, feeding, and much more. A map for each shows the
original range and locations around the world where the bird has been introduced.
The introduction covers the many reasons birds have been introduced to new
environments, and charts the number of introduced species in different regions of the
world. There is a large bibliography and indexes to common and scientific names.
Nowak, Ronald M. Walker’s Mammals of the World, 6th ed. Baltimore: Johns
Hopkins University Press, 1999. 2 vols.
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This two volume work covers every known genus of mammals, the currently living
and the extinct genera which have existed within the past 5,000 years.. The woolly
mammoth is thus included. There is a 29 page chart which details the distribution of
every genus in sixteen regions around the world. Some of these regions are continents,
and others are not, such as the West Indies. Each genus entry has the genus and
common names, order and family it belongs to, references to the literature, a full
description (from a paragraph to two pages), with measurements, habitat,
reproduction and all aspects of its biology. The species in each genus are listed. A
black and white photograph is also provided. There is an index in each volume,
covering both volumes. Volume 2 has an extensive 173 page bibliography. This is an
important reference work, because of its comprehensive coverage of the mammals
and its large bibliography.
A number of other titles, written by Ronald M. Nowak and published by the Johns
Hopkins University Press have been published since Walker’s Mammals of the World:
Walker’s Carnivores of the World (2005); Walker’s Marsupials of the World (2005);
Walker’s Marine Mammals of the World (2003); and Walker’s Primates of the World
(1999). These books have some of their content supplied by Walker’s Mammals of
the World. Prior to 1999 there is Walker’s Bats of the World (1994) also by Ronald
M. Nowak.
Smith, Douglas G. Pennak’s Freshwater Invertebrates of the United States: Porifera
to Crustacea. 4th ed. New York: John Wiley & Sons, 2001.
This classic guide has an introductory chapter covering classification, evolution,
ecology and habitats of the freshwater invertebrates. There is a chapter for each major
phylum of animals. In each chapter there is the description and complete biology of
that phylum, including collection methods. There are also anatomical illustrations.
The chapter concludes with a key to the genera found in U. S. freshwater.
Illustrations (clear, detailed line drawings) accompany the keys. Each chapter has a
bibliography. There are some color photographs in a center section, and some
photomicrographs. There is an appendix on laboratory reagents and equipment, and
an index.

Threatened Birds of the World: The Official Source for Birds on the IUCN Red List.
Edited by Alison J Stattersfield and David R. Capper. Barcelona: Lynx Edicions,
2000. 852p.
This is one of the most complete works on endangered birds. It covers more than
1,000 species at different levels of endangerment. The most extensive list is the
Globally Threatened Species section. It includes birds at greatest risk. Each species
entry has common and scientific name, level of endangerment (critical, endangered,
vulnerable). The history of its population decline is covered, identification, range,
population, threats, conservation measure and plans to save the species. An
illustration and range map are included. Other sections do not treat each species as
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extensively, but cover those less threatened in a number of categories. An extinct bird
list is provided, and an appendix which lists endangered species by territory. There is
a bibliography and index. Quite extensive introductory chapters cover the extinction
risk, programs, assessment of risk, conservation measures and a chapter on how to
use the book.
Wheeler, Alwyne. Fishes of the World: An Illustrated Dictionary. New York:
Macmillan, 1975.
This guide has fish families and genera arranged in alphabetical order. Each species
is described with habitat, feeding, migration and distribution covered.
Many species are illustrated with line drawings. There are also 501 color photographs
of fish. The external features of typical fish are shown in the front. There is a brief
glossary. Common names are cross referenced to scientific names. The introduction is
very informative on fish biology and classification. There were as of the date of
publication about 22,000 species of fish known.. Although not stated in this guide,
about 2000 to 2500 species are described. There has not, as of this writing, been a
new edition of this book, but it is one of the classics in the field.

3) Plants
Barwick, Margaret. Tropical and Subtropical Trees: An Encyclopedia. Portland, OR:
Timber Press, 2004.
This identification guide covers the world’s tropical and subtropical regions. There is
an entry for each genus, and one representative species is covered. The entries are
alphabetical by genus name. The entry includes common name, family, a description
and discussion of the importance of the plant, and several color photographs showing
the whole tree, parts and its use. There is also a narrow column (the summary box)
which covers origin, size, structure, flowering season, use, how to propagate, and
much more. These summary boxes all have different colors indicating use (explained
in the color key in front): green – trees grown for foliage; yellow – trees grown for
fruit; pink – flowers; tan – timber; lavender – economic crop. The introduction
includes the color key, how to use the book, a map of plant hardiness zones, the
origins of trees, factors affecting growth, plant classification, and how to identify
trees. After the main entries there are sixteen “Quick Reference Checklists”. Some
examples: lists of drought tolerant evergreens, salt tolerant trees, trees with special
qualities, and more. The Appendix (Guide to the morphology of leaves, flowers and
fruits has very clear color illustrations of structure and shapes of these parts. There is
a glossary, bibliography and index.

53

Brodo, Irwin M., Sylvia D. Sharnoff, and Stephen Sharnoff. Lichens of North
America. New Haven, CT: Yale University Press, 2001.
This large work covers 1500 species of lichens with 804 species illustrated by color
photographs. Part One, “About the Lichens” covers the biology and structure of
lichens, both the fungal component and the different types of algae which are
components. It also covers reproduction, physiology, lichen chemistry, and where
they grow. Ecology and distribution of lichens, how to collect, and keys for
identification are also covered. Part Two” Guide to the Lichens” has quite extensive
keys. Most of the book is taken up with entries for genera. Each one has a description
of the genus, a key to the species, as well as description, chemistry, habitat,
comments, a range map and a color photograph for each species. An appendix has a
classification of the genera covered. There is a glossary and index.
Canter-Lund, Hilda and John W. G. Lund. Freshwater Algae: Their Microscopic
World Explored. Bristol, Eng.: Biopress, 1995.
The microscopic freshwater algae are generally world wide in distribution, and in this
guide are illustrated with over 600 micrographs, mainly in color. These photographs
are labeled according to the type microscope or type of illumination: normal, phase
contrast, negative phase contrast, darkfield, and Nomarski, or mounted with India ink.
Each species is described along with their habits. There is much material on how the
illustrations were done, and an introductory chapter on the biology of algae in general.
The algae represent a diverse group, and nine chapters deal with the nine main classes.
In addition there is a chapter on symbiosis with algae, animals which feed on algae,
and fungi living on algae. There is a glossary, and several indexes of genera, as well
as a general index.
Rickett, Harold William. Wild Flowers of the United States. New York: McGraw-Hill,
1966.
This is the definitive work on wild flowers in this country, in six volumes, but fifteen
physical parts. Each volume covers a different region of the country. The regions are:
Northeast (which includes the Midwest in this guide), Southeast, Central Mountains
and Plains, Northwest, Southwest, and Texas. The intention is to be comprehensive,
to cover all species. They are illustrated with color photographs. There are some line
drawings as well. Although the photographs are clear, the drawings show flowers and
seeds at a larger scale and thus provide more detail. Botanical terminology can be
quite technical, but this work is written for the layman, and its purpose is
identification even though it is too large to be carried into the field. The flowers are
presented in seven groups, each with several families. Each family is described, then
the genera, and species under each. Blooming season is covered for each species.
Each volume has an index. There is an index volume for the whole set also. It has a
map inside the front and back covers showing the regions covered and their
boundaries.
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Flora of North America North of Mexico. Edited by the Flora of North America
Editorial Committee. New York: Oxford University Press, 1993- . v.1- .
This ongoing multivolume work is the result of the Flora of North America Project.
The Project’s history is recounted in Volume 1. Volume 1 serves as the introduction
to the entire work, and it covers the climate, soil, physical conditions of North
America, paleobotany and past climates, present day phytogeography, the impact of
man, and a full section on classifications. The Flora uses the Cronquist classification.
The second volume has an introduction which covers the scope of the work. Each
family has a full discussion and a key to genera. Each genus has the original author of
the name, common name, and explanation of the Greek or Latin roots of the name.
There is a description, range map of each species with a full description of that
species. Each volume has an index and a bibliography.
Jones, David L. Encyclopedia of Ferns. Portland, OR: Timber Press, 1987.
This encyclopedia serves in part to identify ferns, but it does much more. It covers the
complete structure, reproduction, classification, and other aspects of the biology of
ferns. It also treats every aspect of fern culture, fern diseases, propagation and
hybridization. Part Six: “Ferns to Grow” provides identification of ferns, with
complete cultivation information on each geneus and species and cultivar descriptions.
Many are illustrated with line drawings or color photographs. There is also Part Seven:
“Appendices – Lists of Ferns for Various Purposes”, containing twelve such lists
covering ferns for terrariums, for hanging baskets, ground cover, and much more.
There is a glossary and index.
Philips, Roger. Mushrooms of North America. Boston: Little, Brown, 1991.
This book is replete with 1000 very good clear color photographs of mushroom
species and varieties. Each species is described in all its parts, along with habitat, and
whether it is edible or not. Two major groups are covered: The Basidiomycetes,
which are the majority of mushrooms and puffballs, and the Ascomycetes: the Morels
and cup fungi. There are also comments, and if the mushroom is poisonous symptoms
of the poisoning and what to do immediately are covered. There is a section on how
to use this books, keys to identification and a glossary. There is a bibliography and an
index.

4) Unicellular Organisms, including Prokaryotes
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Handbook of Protoctista. Edited by Lynn Margulis, John O. Corliss, Michael
Melkonian and David J. Chapman. Boston: Jones and Bartlett, 1990.
The term Protoctista refers to a very large diverse kingdom of one celled organisms
with nuclei in their cells (thus excluding the bacteria and archaea), and also includes
algae (single celled and multicellular) and does not include fungi, plants or animals. It
is therefore a much broader group than the older grouping, protozoa, as revealed here.
A good description of the coverage of this book can be found in its two subtitles:
“The structure, cultivation, habitats and life histories of the eukaryotic
microorganisms and their descendants exclusive of animals, plants and fungi” and “A
guide to the algae, ciliates, foraminifera, sporozoa, water molds, slime molds and
other protoctists”. This book serves researchers, teachers and advanced students. The
introduction serves as a guide to use of the book but mainly covers the kingdom
Protoctista with a discussion of the criteria for membership in the kingdom and some
of the factors involved in the decision to classify organisms this way in place of older
classifications. A classification is provided, and a nutritional chart for the larger
groups of living organisms. There is also a beginning chapter by John O. Corliss:
“Toward a Nomenclatural Protist Perspective”. The book is divided into four parts
based on two criteria: does the organism have undulipodia (essentially, cilia and
flagella), and does the organism have a complex sexual life cycle. There are many
phyla in this kingdom, and the book has a chapter for each. Each chapter covers the
biology of the phylum, and the species are shown in light micrographs, electron
micrographs and very clear line drawings. Each chapter also has references to the
literature. The glossary has a two page guide to etymological roots, and has 80 pages
of definitions. There are three indexes: Organism, Author and General.
Prokaryotes: A Handbook one the Biology of Bacteria: Ecophysiology, Isolation,
Identification Applications, 2nd ed. Edited by Albert Balows, et al. New York:
Springer Verlag, 1992. 4v.
This massive four volume work covers the biology, isolation and identification of
bacteria. The first seven chapters of Part I cover the prokaryotes in general, covering
classification, phylogeny, diversity, habitats, characterization and identification
principles, isolation and cultivation, and applications. Part II treats the ecophysiology
and biochemistry of many major groups of bacteria: the sulfur bacteria, the
hydrocarbon oxidizing bacteria, for example. Part III covers several orders (one
chapter each) of the Archaea. Part IV and all parts thereafter cover the many major
families and genera of bacteria, providing all the biology, isolation, metabolism,
identification and cultivation of each. There are many electron micrographs and some
light micrographs of the bacteria covered. Each volume has an index to all four
volumes. In Volume I there is an alphabetical list of genera and groups (families,
orders, etc.). Each chapter has a lengthy list of references.
2. Classification, Species Lists and Names
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One reason for focusing on classification is that biology, of all the sciences, has
developed it along with nomenclature to a very high level, since the subject matter
demands it. The subject of this science is all the species and their varying degree of
relatedness. One’s ability to find biological information of any sort depends on a grasp of
classification.
Turgeon, Donna D., et al. Common and Scientific Names of Aquatic Invertebrates from
the United States and Canada. Bethesda, MD: American Fisheries Society, 1988.
American Fisheries Society Special Publication 16. 277p., 12 plates.
This list includes 5700 species in 332 families in 31 orders. Each species has the
scientific name, bibliographic origin of the name, geographic location, and common
name. The list is in classified sequence, and under each family the genera are arranged
alphabetically. Access to any part of the list is facilitated by an alphabetical list of
families keyed to page numbers, and a phylogenetic (classified) list of classes, orders, and
families, in the same arrangement as the main list of species. The introduction discusses
the goal and plan of the list and its purpose to provide nomenclatural uniformity and
authority. It also covers the American Fisheries Society principles of selection of
common names. Two appendices cover threatened and extinct mollusks. There is an
extensive 120 page index covering scientific and common names.
Checklist of the Lepidoptera of America North of Mexico including Greenland. Edited by
Ronald W. Hodges, et al. London: E. W. Classey; Wedge Entomological Research
Foundation, 1983.
This is a classified list of the butterflies and moths of North America, 11233 species in all,
in a classified arrangement. The introduction has a classification of the Lepidoptera down
to subfamily, with the number of species in each. The introduction also covers
classification as a topic, and authorship of the species. It has a list of references. The
index is 122 pages long. This is a scholarly work, and all names are scientific, no
common names appear in the list or in the index.
Bosik, Joseph J. Common Names of Insects & Related Organisms 1997. Lanham, MD:
Entomological Society of America, 1997. 232 p.
This is more than a list of names. There are four lists: arranged by common name, by
scientific name, a hierarchical list (in classification order), and a final section which is
essentially the classification down to family. The introduction provides guidelines for
proposing new names, and at the end of the book is a proposal form.
Nelson, Joseph S., et al. Common and Scientific Names of Fishes from the United States,
Canada, and Mexico, 6th ed. Bethesda, MD: American Fisheries Society, 2004. American
Fisheries Society Special Publication 29. 385p.
The main part of this book consists of a list of 3700 species of fish organized by family,
and alphabetical within family by scientific name. Letters are used to signify the
occurrence of the fish and these letters are deciphered at the beginning of the list.
Following each scientific name and location is the English name, and also the Spanish
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and French names. There is a list of the families and the pages where they can be found.
There is and introduction covering the principles of nomenclature used here. The
introduction occurs three times once each in English, Spanish and French. A lengthy
appendix lists changes from the 1991 edition and comments on each. These changes can
be name changes, classification changes, or new species. A short second appendix covers
name of hybrid fishes. There is a very extensive index.
Collins, Joseph T. Standard Common and Current Scientific Names for North American
Amphibians and Reptiles, 3rd ed. Oxford, OH: Society for the Study of Amphibians and
Reptiles, 1990.41p.
This list of 496 species in 143 genera shows the scientific and common names arranged
by order, and alphabetical by genus under each order. For each species the bibliographic
origin of the name is shown. A brief introduction provides charts showing the number of
genera, species and subspecies for each order, and compares the numbers in previous
editions with this 1990 edition. There is an appendix listing Hawaiian species, and one
for alien species.
Sayre, James K. North American Bird Folknames and Names. Foster City, CA:
Bottlebrush Press, 1996. 291 p.
This book can serve as a resource to ascertain whether a certain name refers to a species
of interest. Each entry has the modern name, scientific name, and a list of folknames and
other names. The entries are arranged under bird families. Also there is a chapter on
British name origins which provides quite extensive etymologies.There is a chapter on
North American bird name origins, and domestic North American bird name origins.
There
is
a
bibliography
and
an
index
to
common
names.
Howard and Moore Complete Checklist of the Birds of the World. 3rd ed. Edited by
Edward C. Dickinson. Princeton, NJ: Princeton University Press, 2003.
This is a very authoritative list of bird species. It is organized entirely in taxonomic order,
and each species entry has a scientific name and its original author, common name and
variant scientific names with their authors. Also geographic range is provided for each
species. In the front there is a complete sequence of bird families, the number of genera
and species. The introduction covers the objectives and methods used to compile the list.
A chapter on bird phylogeny is present. There a re appendices on nomenclature and a
very extensive bibliography. There is an index to scientific names and one for English
names.

Duff, Andrew and Ann Lawson. Mammals of the World: A Checklist. New Haven, CT:
Yale University Press, 2004.
The species in this list are arranged according to orders, families and genera. Each is
represented with a scientific name, common name, geographic location, and a note if it is
endangered. There is an appendix: “Changes compared to Wilson & Reeder (1993)”.
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This update based on a previous list includes newly extinct species and new species.
There is a bibliography, an index to scientific names and one to common names. The
introduction covers classification, English names, habitat, distribution, status information
(i.e., degree of endangerment), and a description of a software version of the book. All
the Mammalian families are in a classified list which also serves as detailed table of
contents. The list is comprehensive and thus includes the 5069 existing species of
mammals.
Wilson, Don E. and F. Russell Cole. Common Names of Mammals of the World.
Washington: Smithsonian Institution Press, 2000.
It is not as straightforward as it might seem to provide a list of common names of
mammals, since one species may have different common names in different countries or
regions. This work lists genera and species in a classified list, with each species keyed to
a major region of the world (reference map included). To the right of each species name
is the common name, followed by a number which refers to a source which the authors
checked for the name. There is an index to scientific names and one to common names.
The table of contents lists all families and subfamilies in the main list. The number of
species listed is 4629.
McKenna, Malcolm C. and Susan K. Bell. Classification of Mammals above the Species
Level. New York: Columbia University Press, 1997.
This very scholarly work is a definitive reference to mammal classification. Although one
may be familiar with the categories class, order, family and genus, here the genera and
subgenera are classified according to a scheme with a total of twenty five levels,
including such categories as cohort, superorder, suborder, etc. Each genus entry lists the
original source of the name, other references to variant names, and a brief note on the era
or epoch in the geological time scale for extinct species, as well as the continent or region
it is found on. It has introductory chapters on the basics of classification. There are four
appendices: Article 36 of the International Code of Zoological Nomenclature;
Mammaliaform and Mammalian Characters; Some Mammalian Outgroups; Taxonomic
Suffixes Denoting Rank. It has references and indexes to common and scientific names.
In addition to providing a full classified list of species, it is an excellent source on the
basics and theory of classification.
Stearn, William T. Stearn’s Dictionary of Plant Names for Gardeners. London: Cassell,
1992. 363p.
This is a list of plant genera and species, in alphabetical order. With each name there is
the common name, the etymology and what the name means, since a genus or species
name is generally descriptive. An introductory chapter covers botanical nomenclature as
a subject. There is also a chapter on common names and their origins. The last part of the
book is the “Dictionary of Vernacular Names” which lists common names keyed to
genera.
Coombes, Allen J. Dictionary of Plant Names. Portland, OR: Timber Press, 1999.
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This is an alphabetical list of genera, with species listed alphabetically after each genus.
Common names are listed, but cross-referenced to the generic name. Each genus has
pronunciation, bibliographic origin, and a brief description. Each species has
pronunciation, common name and descriptive terms. There is a brief introduction which
explains how to use the book, and a pronunciation key. Over 1000 plants are covered.
Stearn, William T. Botanical Latin: History, Grammar, Syntax, Terminology and
Vocabulary. 4th ed. Devon, Eng.: David &Charles, 1992. 546p.
Botanical nomenclature is a discipline in itself, and the early botanical literature was
written in Latin. Botanical Latin differs from classical Latin, in being more economical
(Ref). This is much more than a guide to scientific names, but a complete language
textbook, covering the development of botanical Latin, a major chapter covering all
aspects of grammar, along a chapter which covers syntax, punctuation, etc. There are
some species descriptions in botanical Latin followed by the English translation.
Fortunately leaf shapes and other plant parts are illustrated to further enhance
understanding of the terms. There is a major glossary (“Vocabulary”), bibliography and
index.
Brako, Lois, Amy Y. Rossman and David F. Farr. Scientific and Common Names of
7,000 Vascular Plants in the United States. St. Paul, MN: APS Press, 1995. 295p.
This is a very useful guide because of the large number of species covered and because of
its four parts, providing a variety of access points. The first part is an alphabetical list of
genera with species under each , and common names for each species. The second is a list
of common names keyed to scientific name. The third part is a list of synonyms, or
alternate scientific names cross-referenced to the accepted scientific name. The final
section is a list of genera arranged by families.
Brummitt, R. K., compiler. Vascular Plant Families and Genera. Kew, Eng.: Royal
Botanical Gardens, 1992. 804p.
This work can be best described by its subtitle: “A listing of the genera of vascular plants
of the world according to their families, as recognized in the Kew Herbarium, with an
analysis of relationships of the flowering plant families according to eight systems of
classification” (from title page). The first part is genera arranged alphabetically, each
with synonyms, original author, family it belongs to and a notation of the class it belongs
to. A second part has genera arranged under families. Finally, Part 3 has the eight
classifications of plants down to the family level. These are according to: Bentham and
Hooker; Dalla Torre and Harms; Melchior; Thorne; Dahlgren; Young; Takhtajan;
Cronquist. The introduction covers classification and how the database for this book was
developed.
Judd, Walter S. Christopher S. Campbell, Elizabeth A. Kellogg, Peter F. Stevens, and
Michael J. Donoghue. Plant Systematics: A Phylogenetic Approach. 2nd ed. Sutherland,
MA: Sinauer, 2002. 676p. Compact disc included.
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This is a systematics textbook, but it serves a reference book because of its coverage of
the angiosperms (flowering plants) down to the family level, with identification keys. It
covers the basic principles of systematics and phylogeny, including molecular
systematics. There are many cladograms which show the phylogenetic relationships. For
the families, leaves, flowers, fruits and whole plants are shown with exceptionally fine lie
drawings. There is a bibliography, glossary and index.
Macura, P., compiler. Elsevier’s Dictionary of Botany. Amsterdam: Elsevier Scientific.
1979. 2vols. .
The Elsevier dictionaries often do not provide pronunciation or definitions or
etymologies, but serve a special purpose. They are multilingual, so one can verify a name
in another language to be sure what species it is. This dictionary lists plant names in
English, French, German, Latin and Russian. The first volume, Plant Names, has the
“Basic Table” which lists all English names, with French Geram and Latin names under
each. Each such multilingual entry has a number. After this there is the French list, which
list the French term keyed to the number in the Basic Table. Following one finds the
German, Latin, and Russian lists. The Russian list is in two parts: by number and by
name. The second volume does not cover species names, by rather, anatomical,
physiological and other terms. It is the General Terms volume. It treats the terms only in
English, French, German and Russian. The organization of this volume is exactly the
same as that of Volume I.
Richter, Hermann E. Codex Botanicus Linnaeus. Ruggell, Liechtestein: A. R. G. Gantner,
2003. 2 vols.
One can trace the origins of plant names to early authors all the way back to Linnaeus
using Index Kewensis as discussed above. This is a facsimile edition of the Codex
Botanicus Linnaeus, by Richter In the nineteenth century Richter put together all the texts
from all of Linnaeus’s work. It was done in 1840, and this facsimile was published in
2003, the 250th anniversary of the publication of Linnaeus’s Species Plantarum (1753). It
is in Latin, in classification order (as per classification of that day). The second volume is
an alphabetical index of genera and species with numbers keyed to the main Codex. This
work is important for those interested in the history of botany or the history of plant
names.
Watts, Donald. Elsevier’s Dictionary of Plant Names and their Origin. Amsterdam:
Elsevier, 2000. 1001p.
This is an alphabetical list of common names of plants with scientific names provided,
along with alternate names, and the meaning and derivation of the name. For some names
there is discussion of the folklore behind the name and various old beliefs about the plant.
The folklore side of botany can be a fascinating addition to learning or teaching it. There
are cross references between the names.
Hicky, Michael, and Clive King. 100 Families of Flowering Plants. 2nd ed. Cambridge,
Eng.: Cambridge University Press, 1988. 619p.
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The 100 families in this guide were selected from a larger number for two reasons: to
illustrate differences in the structures of flowers, in a wide variety, and to present families
with readily available species (from the Preface). Each family entry has family name,
number of genera and species, distribution, general characteristics, economic aspects,
ornamental plants and a classification of the tribes and genera within the family.
Following this is one or two representative species, covering distribution, morphology,
pollination and detailed drawings of parts of the plant. There is a glossary and an index
with scientific and common names. There are six comparative tables which compare
three families each in terms of various morphological characters. There is also a table of
family characters. This table shows the reader which alternative characters each family
has, for example, simple or compound leaves. .
Takhtajan, Armen. Diversity and Classification of Flowering Plants. New York:
Columbia University Press, 1997. 643p.
There are several major classifications of the flowering plants, and this book presents one
of them, based on phylogeny, and much new information. The author classifies the
flowering plants in a phylum Magnoliophyta, with two classes. Magnoliopsida
corresponds to the dicotyledons, but seeds can have two, three or four cotyledons or even
one (see p. 25). The Liliopsida all have one cotyledon (see p. 472), and correspond to the
Monocotyledons. These two classes are characterized in more detail in the book. The
book is organized under the classes by subclass, superorder, and order. The order level is
the lowest one described at length, but each order has key to its families with basic
descriptions. There are also references for each order. The basis of the classification and
discussion are present in the preface and the introduction. In the front there is an outline
of the classification down to family. This can be very useful since one can see the entire
classification within just a few pages. There is an extensive index: “Index of Generic and
Suprageneric Names”, i.e., genera and all categories above the level of genus.
Cronquist, Arthur. Integrated System of Classification of Flowering Plants. New York:
Columbia University Press, 1981. 1262p.
This book presents the famous Cronquist classification. Each order is described in depth,
along with references. A key to the families follows, and then the family entries which
consist of detailed descriptions, illustrations of typical species. In the front there is a
complete outline of the classification. A complete index to genera, higher taxa, and
common names is present. The line drawings are exceptionally clear and beautiful.
Hutchinson, J. Genera of Flowering Plants (Angiospermiae). Oxford: Clarendon, 1964.
2v.
This is a classification of plants down to the genus level. Each order has a key to its
families, and each family has a full description and key to subfamilies and tribes (the next
level below subfamily), and also genera. Each genus has a full bibliographic history
(although presented in the usual very abbreviated form), and a good detailed description.
Hutchinson follows his own classification, based on his 1959 work, Families of
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Flowering Plants (see below). The first volume covers the dicotyledons and the second
the monocotyledons.
Hutchinson, J. Families of Flowering Plants. Oxford: Clarendon, 1959. 2v.
These two volumes introduce Hutchinson’s classification. Each family entry has
description and economic uses. The orders have descriptions also, and keys to the
families. There is an extensive key to all families in the front. There are many good clear
illustrations. There is a sequence of orders and families used in this classification. Range
maps for families are included. An important feature of this work is the “Short History of
the Classification of Flowering Plants” which covers classifications of the ancient Greeks
and continues through the time of Linnaeus and on to the early twentieth century. The
introduction also covers classification, comparing the systems of Bentham and Hooker
and Engler and Prantl. The second volume, covering the monocotyledons, has more on
the basis of Hutchinson’s system.
Singh, Gurcharan. Plant Systematics: An Integrated Approach. Enfield, NH; Plymouth,
England: Science Publishers, 2004. 561p.
This book combines classical work with modern molecular systematics. The latter owes
much to the genomics revolution. A virtue of this book is it will bring the history of
flowering plant classification up to date, up to the methods which rely not only on
genomics but also the internet. It covers the basics of systematics as a discipline,
botanical nomenclature, descriptive terminology of plant parts, phylogeny, the main
families of flowering plants, and covers these classification systems: Bentham and
Hooker, Engler and Prantl, Hutchinson, Takhtajan, Cronquist, Dahlgren, Thorne and the
Angiosperm Phylogeny Group. The last chapter is: “Systematics on the Web”. The Web
has allowed much greater access to large databases and it allows much greater scientific
interaction than ever before. Plant classification is undoubtedly not a finished enterprise,
and these new developments will greatly accelerate the progress being made in this area.
Kartesz, John T. Synonymized Checklist of the Vascular Flora of the United States,
Canada and Greenland. Portland, OR: Timber Press, 1994. 2v.
This is a major resource which links synonyms to the approved scientific name of a plant,
whether one has in hand the approved name or a synonym. In Volume 1 there is an
introduction explaining the scope and features of the book. It has three main sections:
Pteridophyta, Gymnospermae, and Angiospermae. In each section all names are arranged
alphabetically by families, genus, species, subspecies and variety. Each name has its
author and under each, the synonyms listed also have their authors. Thus any synonym
can be found under the approved name. There is also a list of excluded names and
anomylous names, and a summary of the vascular plant taxa covered, which lists the
numbers of genera, species, hybrids and intraspecific taxa per family.
Volume 2 is the Thesaurus, which is an alphabetical list of synonyms, all of which are
cross-referenced to the approved name. With both volumes in hand any problem or
confusion of scientific names of North American plants can certainly be cleared up.
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A Note about Information Sources on Classification
A classification can be based on one or more morphological characters which differ
among species or which are lacking in some, present in others. It may be based on
numbers of certain parts. The intent behind a classification is generally to reveal
relationships between species and higher groups, and thus to represent the phylogeny of
the group. In more recent years scientists have been able to go beyond morphology with
the advent of genomics, using similarities between the DNAs of different species to
establish phylogeny. Classifications therefore have been revised many times in the past,
based on new information. Different authors may disagree on how to classify a group.
The following is information on finding both early and recent classifications (all sources
are more fully cited above):
Animals: One of the great textbooks is Invertebrate Zoology by Robert Barnes, with
recent editions authored by Edward Ruppert and Robert Barnes: Invertebrate Zoology, 6th
edition (1994) (6). A final chapter in this edition covers early and late classifications of
the invertebrates, with information on the issues involved in phylogeny. The 7th edition
(2004) (7) of the same work takes a different approach: the authors provide phylogeny
information along with cladistic diagrams, after each chapter, for each phylum.
Plants: Botanical classification and botanical nomenclature is a refined discipline of its
own. Nomenclature methods and other information can be found in Stearn’s Botanical
Latin (8). Botanical Latin is a variant of classical latin, and was once used to describe
plants (9). Singh’s Plant Systematics (10) also covers nomenclature principles. For an
account of early classifications of the flowering plants see Hutchinson’s Families of
Flowering Plants (11). The account is excellent. Hutchinson covers the history of these
classification schemes and which ones lead to later ones. It is good up to 1959, the
publication date. A different approach is taken by Brummitt in Vascular Plant Families
and Genera, (12) where eight classifications are outlined down to the family level. Three
complete classifications in the original can be found in Hutchinson, Cronquist, and
Takhtajan, their works cited and annotated in full above. The Cronquist and Takhtajan
schemes are similar, as the two have worked together. Another source on the history of
flowering plant classification is the first volume of Flora of North America North of
Mexico (13). To bring plant classification up to date, consult Singh’s Plant Systematics
where the latest information s available and the reader is referred to important web sites
(14). The newest developments in classification rely on genomics and the interactive
features of the internet. A very thorough and up to date treatment of plant classification is
Plant Systematics: a phylogenetic approach (15). Recently updated is Flowering Plant
Families of the World by V. H. Heywood. It covers over 500 plant families (16).
Living Organisms in General: Some of the important books on classification are:
Margulis, Lynn and Karlene V. Schwartz. Five Kingdoms: An Illustrated Guide to the
Phyla of Life on Earth, 3rd ed. New York: Freeman, 1998. 520p.
This book describes and illustrates all the phyla in a system of five kingdoms: Bacteria,
Protoctista ( Protista by some authors, some of which were originally Protozoa),

64

Animalia, Fungi, Plantae. Each phylum is illustrated with diagrams, micrographs, and
habitat drawings, with full discussion and description. There is a bibliography for each
kingdom, and a phylogeny, showing relationships among the phyla in that kngdom. There
is an appendix listing phyla and a glossary. The introduction covers the history of
classification and a summary of the classification system used here. There is also an
illustration of the entire scheme opposite the title page.
Synopsis and Classification of Living Organisms. Edited by Sybil P. Parker. New York:
McGraw-Hill, 1982. 2v.
This is a much larger work (over 2000 pages in two volumes) than the above, covering
classification down to the family level. It is probably best for use at levels from phylum
down to family. The classification at the kingdom level is a much older one than that of
Margulis and Schwartz. Each taxon at each level is described n detail, with references
and some with illustrations. There is an appendix with an essay on the history and role of
nomenclature by John O. Corliss, an authority on ciliates, and a discussion of biological
classification. The appendix also has a complete classification down to family. A very
extensive index is provided.
On the Web the Tree of Life site, among others allows one to see classification of any
species, and one nice feature of it is its coverage of classification at the domain and
kingdom levels. That aspect of it has undergone a complete revolution in recent years
with the advent of genomics.

Atlases of Morphology and Pictorial Works
Bowes, Bryan G. Color Atlas of Plant Structure. Ames, IA: Iowa State University, 1996.
192p.
This is a more scholarly work than the one above. It has photographs of whole plants and
plant parts, but the focus is much more at the cell and tissue level, with many more
photomicrographs and electron micrographs. The introduction covers general
morphology, and subsequent chapters cover cells, tissues, the apical meristem, shoots, the
leaf, stem, root and sexual reproduction. There is a glossary and bibliography. Diagrams
and micrographs are fully labeled, with detailed figure captions.
Flowering Plants of the World. Edited by V. H. Haywood. New York: Oxford University
Press, 1993. 335p.
This work has been chosen for its beautiful, clear and accurate illustrations of plants and
their parts. Each family entry has distribution, diagnostic features, classification and
economic uses, in a fairly lengthy treatment. There is a range map with data on the
numbers of genera and species. Each family also has illustrations of parts of
representative plants. An introductory chapter discusses plant classification and adopts a
classification based on Stebbins’. The glossary is accompanied by charts in color
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illustrating the terms for the morphological types of flowers, leaves and fruits. This is one
of the most convenient glossaries available for quick reference. The index includes
common, scientific and family names.
Visual Dictionary of Plants. Edited by Mary Lindsay. London; New York: Dorling
Kindersley, 1992. 64p.
This is a popular work, but it has a lot of good information about plant structure. It is
notable for its large clear color illustrations, in a large format. Its first chapters illustrate
general structure of the main plant divisions: algae, fungi, mosses, ferns gymnosperms,
angiosperms. The distinction between monocotyledons and dicotyledons is covered.
Other chapters cover fruits, leaves, stems, flowers, roots, etc. There is a page on plant
classification. This book has some value as a teaching aid, as well as a quick reference for
plant anatomy. Its three dimensional color diagram of a chloroplast and its parts is
exceptionally clear.
Tracking Down and Identifying Species: A Search Example:
There are several ways to find out what kind of animal or plant you are going to research, if
you have been given only a scientific name. One can use book sources, databases covering
the journal literature, or the web. To be sure one can always find information on the species,
it is good to be able to use all three.
1. The Web: Searching the web will generally yield a lot of material, some of it popular, and
some scholarly. The scholarly sites will be much more authoritative and reliable. A common
name can be entered, such as “woolly spider monkey” but it is better to enter the scientific
name (see chapter 8 for more advice on how to evaluate web sites) – it will yield more
scholarly sites..
[
Using Print Sources: Suppose you are given a species to look up (for this example we
will assume it is an animal): Brachyteles arachnoides. Some species can simply be
found in a general dictionary, although a biological dictionary would be better. Many
cannot. Fortunately there are tools designed precisely for this purpose. One old but
useful tool is Nomenclator Zoologicus (17) . It allows one to look up a genus, find the
original article which describes it, and find out what class it is in (Fig. 1). Here we find
Brachyteles is a mammal.
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Fig. 1. Nomenclator Zoologicus, 1935-1975. Entry for Brachysteles. Volume 1, p. 476.
Nomenclator Zoologicus. Edited by Sheffield Airey Neave. London: Zoological Society of
London, 1939-1975. 7 volumes.

This greatly narrows our search already. Nomenclator Zoologicus has seven volumes, and
only covers the literature up to 1965. After that point any more newly discovered species can
be traced in Zoological Record (18), Section 20, “List of New Taxonomic Names”, where
you can determine what kind of animal it is and the original source of the discovery.
However this requires searching year by year in print. If you have the online Zoological
Record database it can easily be done. It is a matter of combining a taxonomic term, such as
family, order, or class with the term “new species” as a descriptor. The exact method may
vary with each of the vendors of the online Zoological Record.
The following sources, in zoology and botany, perform essentially the same function as
Nomenclator Zoologicus, except Index Londinensis which locates illustrations. For animals
and plants one can find the original article reference and author who named the species, and
how the species is classified. In each case it is just a matter of a simple alphabetical search
for a genus and then species.
a) Frodin, David G. Guide to the Standard Floras of the World, 2nd ed. Cambridge, England:
Cambridge University Press, 2001. This reference covers floras and plant checklists,
arranged by geographic region (Fig. 2). Each flora is cited in full , with description,
numbers of genera and species. There is a bibliography and an index. A map is included
which shows how complete the floras are in different regions of the world. A table of
contents is provided for each continent section.
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Fig. 2. Frodin, David G. Guide to the Standard Floras of the World, 2001. Pp. 345, 351.
© Cambridge University Press 2001. Reprinted with the permission of Cambridge University
Press.

68

b) Hooker, Joseph D. and B. Daydon Jackson. Index Kewensis. Oxford: Clarendon Press,
1895. 2 volumes, with 21 supplements to 2000. The purpose of this classic work in
botany can best be told by the subtitle of the work: “An enumeration of the genera and
species of flowering plants from the time of Linnaeus to the year 1885 inclusive together
with their authors’ names, the works in which they were first published, their native
countries, and their synonyms”. The supplements carry it forward to 2000. Each
entry has a genus with its author, species, author, reference to the original work, and
synonyms. This work, with the supplements, is thus the principle tool for finding who
first named a plant and its original publication and date. It is important to note that this is
just an example, there are quite a few other works which have a similar function. In Fig. 3,
the example taken is Aster, and under the genus name (and citation to the original author
and work) there are several of the many synonyms for the genus Aster, in capital letters.
Below these, in italics, are some of the many species listed, with their original authors
and works. This indicates the great thoroughness and detail in Index Kewensis.

Fig. 3. Hooker, Joseph D. and Daydon Jackson. Index Kewensis, 1895. V. 1, p. 218. Reprinted
with permission, © Oxford University Press.
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c) Mabberley, D. J. The Plant Book.: A portable dictionary of the vascular plants.
Cambridge, Eng. : Cambridge University Press, 1997 This book covers all currently
accepted generic and common names of flowering plants , gymnosperms and
pteridophytes (ferns and relatives). Each entry has the genus, original author, family it is
in, related genera, and a description. For each common name the genus is listed. For each
family, who first described it, number of genera and species in it. A plant classification is
also included.
d) Stapf, O. Index Londinensis. Oxford: Clarendon Press, 1929-1931. 6 volumes and
supplements (Fig. 4). This is a comprehensive index to the illustrations of flowering
plants and ferns found in the literature. Genera are listed, with species under them, and
brief references to the works where the illustrations occur, including the page number, or
where a “t” precedes the number, the plate number.

Fig. 4. Stapf, O. Index Londinensis, 1929. V. 1, p. 331. Reprinted with permission, © Oxford
University Press.
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It may be that you need more information to identify it in the wild. A field guide would
be useful here. Use your online catalog to find field guides: you can search by subject for
Mammals – South America – Identification, or Mammals – Latin America –
Identification. The latter yields “Neotropical Rainforest Mammals” (4).
In the index of this book “Brachyteles” directs you to page 144. Here you find detailed
information allowing identification and distinguishing it from other species.
Online Databases: We will devote a whole chapter to searching online databases [link to
chapter] but here we will look at one general database, Academic Search Premier (often
referred to as EBSCOHost). The method shown here can be generalized to many databases,
because this type of search engine has become very common among databases. This will be a
simple search, just put in “Brachyteles arachnoides.
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Chapter 4 – Databases
This chapter will cover much of the secondary literature.
Historical Overview:
The current system of journals and the indexes, abstracts and databases which provide access to
them can be best understood by looking back on the history of their development, from the 1600s
onward. During this early period scientific results were recorded in manuscripts, rather than
published articles. The difficulty (1) was duplicating them so other scientists could read them.
When they were copied, the copier would interpret and synthesize the information (2), and would
not always cite the original, so there was the problem of knowing the origin of the discovery.
One step in the development of our modern information system was the introduction of scientific
societies. These then produced scientific journals. The first journals were Journal des Scavans,
and the Philosophical Transactions of the Royal Society of London, in 1665 (3) The latter is still
being published! The first journals were general in nature, but soon more specialized ones
appeared, first in medicine (4). Around 1750 the Royal Society of London introduced refereeing
(5) of papers by peers, to maintain quality of the articles being published. During the 1800s the
number of journals increased from hundreds to thousands (6,7). The problem was no longer
duplicating and distributing scientific information, but each scientist had too much literature
available and needed ways to search through all of it for just those papers of use in his or her
research (8).. Early in the nineteenth century several abstract journals were produced, mainly in
the states which later became Germany. They were: Botanisches Centralblatt, Just’s Botanischer
Jahresbericht, Zeitschrift fur Pflanzenkrankenheiten, Zoologischer Bericht, Berichte uber
Wissenschaftliche Biologie, Zentralblatt fur Bakteriologie (9). In England there was Zoological
Record. There were two innovations being developed at that time: the introduction of summaries
of articles, and organizing the summaries so they could be searched by more than one means. An
index to Journal des Savants allowed searching the journal by author, date, and even subject (10).
This established a pattern since most modern databases can be search by author and subject,
although now there are also many other ways to search them: taxonomic group, genus or species,
chemical substance, chemical reaction (in SciFinder Scholar), and cited reference. The latter will
be covered in the chapter on citation indexes.
One extremely useful form of secondary literature is the online database, the modern version of
the older printed abstracts and indexes. For most of the 19th and 20th centuries the primary
literature could be searched using abstracts and indexes. The Royal Society Catalog of Scientific
Papers (11) covered the 19th century and provided author access. Zoological Record began in
1864, and provided subject, author and taxonomic access to the literature. It continues to this day,
with improvements to its format over the years. Chemical Abstracts started in 1907, with author,
subject and chemical substance access. Biological Abstracts began in 1926, preceded by
Botanical Abstracts (1918-1926). Agricultural Index began in 1916, and broadened to become
Biological and Agricultural Index in 1964.
During the 1960s NASA (National Aeronautics and Space Administration, U.S.A.) needed a
better way to search the engineering literature (12). Lockheed Space and Missiles Company
developed computer searchable versions of the major printed abstracts and indexes, for NASA.
A new company was formed, Lockheed DIALOG, later DIALOG Information Services. The
number of available databases grew, and coverage expanded beyond the sciences to social
sciences, business, and the humanities. There are now more than 500 databases available through
DIALOG. Searching them requires payment of fees: per minute of online time and per reference
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retrieved. During the 1980s CDRom searching became available. Since these could store large
amounts of information, a database could be housed in a local library, no longer just at a
company headquarters. This meant that a library could purchase databases and provide free
searches to patrons. However, handling and managing many separate discs was a problem, and
online databases came into being, subscribed to by libraries and available freely to library
patrons. This is where we stand today.
What is a Database?
An online database is essentially a collection of records which represent other publications, such
as journal articles, reports, reviews, conference papers or even books. A database is updated on a
regular schedule (weekly, monthly, or another frequency) with new records of recently published
articles. If you want to search the journal literature for relevant articles on a topic, there is no
better way to do it than a database. It would be good to describe the search methods, but
searching is much better understood once you know the tool you are using to search. That is why
we will start by describing databases and in the next chapter cover search techniques.
Each database is primarily composed of records, sometimes millions of them. A record can tell
you a lot about an article – it is composed of fields (see Figures 1 and 2 in Chapter 6).
Many fields are shown, but only the basic ones will be discussed here. Fields you would find in
most scientific databases include: title, author, author’s working address, source (the journal
Primate in this case), language note, abstract, and descriptors. In Biological Abstracts the
descriptor fields are represented by the Major Concept (MC) field, the Minor Concept (MI) field,
and some others. Major Concepts are broad subject terms, and Minor Concepts are additional
terms which do not fit into the classification schemes for other descriptors, yet may be useful in
further describing the document (13). The two concept fields are the equivalent of subject
headings and are considered controlled vocabulary since they come from an approved list (i.e.,
a thesaurus). They provide good comprehensive searching if used in the search box. In contrast
to controlled vocabulary, key words do not have to be in any approved list, and are found in the
title and abstract. They are author supplied, unlike controlled vocabulary, which are provided by
indexers.
However this database has some fields which reveal a principle: the fields reflect the science
covered by the database. ST refers to Super Taxa, the larger divisions in biological classification.
OR is the organism field for genus and species. TN is Taxa Notes, also covering biological
classification. SciFinder Scholar (14), the major chemistry database has fields for the Registry
Number which uniquely identifies a chemical compound. SciFinder Scholar can be searched for
a subject, author or a chemical compound, and even various chemical parameters relating to a
chemical compound. Therefore its organization is also shaped by the science it covers.
In Biological Abstracts there are two kinds of numerical codes: a numbered set of codes for
broad topics, the Concept Codes (note the numbers after CC in Figure 1), and BioSystematic
Codes, which stand for taxonomic groups. There is a guide book listing these codes (15), very
useful for using them in search strategies, but not generally available. These codes can be found
while searching online: note the BioSystematic Code for the family of monkeys, Cebidae, after
the TN (Taxa Notes field in Figure 1). However in the last few years the publisher has not
emphasized using these codes, and they are not being updated. Instead Biological Abstracts has a
new system which is called Relational Indexing. This system uses key words, in their original
context used by the author, and places them in various fields, to make searching easier(16). To
search by restricting your term to a certain field just modify the term as follows: Brachyteles in
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OR, to restrict searching for this term to the organism field, for a more precise search, with fewer
hits but better relevance to your topic. Another example: de Carvalho in AU for an author search.
Databases:
The following databases were selected out of many according to two criteria: a) the database
covers a considerable amount of biological literature, even if the database is not aimed primarily
toward biologists; b) to illustrate a variety of styles and search options:
Agricola: This database covers agriculture, agricultural engineering, forestry, animal
science, food science, plant science, soil science, veterinary science, and wildlife biology.
Therefore it does cover some biology.
• Publisher – National Agriculture Library, Beltsville, Maryland, U.S.A.
• Time period covered – Bibliography of Agriculture (print version) 1942 – 2000 [check],
online (Agricola) 1970 – present.
• Search options – Quick search (single word or phrase), Search (keyword using forms and
menus), Browse by author, title or subject. Also you can search just the National
Agriculture Library Catalog, or the serials subfile or both.
• Search history – available.
• Thesaurus – available through the Help system, under Browse, Subjects: NAL
Thesaurus.
• Language scope – international.
• Limits available – language, location at NAL, date, medium, place of publication, item
type, publication status (whether still published or not).
• Publications covered – articles, patents, theses, monographs, government publications,
technical reports, proceedings.
• Display options – The initial display only shows title, author, and date. Click on any one
to get a very lengthy “brief” record or a full record.
• Sorting options – title, author, date.
• Output – print, e-mail, save to a file.
2. Aquatic Science and Fisheries Abstracts: This database is divided into subfiles which can
be searched separately: ASFA 1 – Biological Sciences and Living Resources; ASFA 2 – Ocean
Technology and Nonliving Resources; ASFA 3 – Aquatic Pollution and Environmental Quality;
ASFA Aquaculture Abstracts; ASFA Marine Biotechnology Abstracts.
• Publisher – Cambridge Scientific Abstracts, Bethesda, Maryland.
• Time period covered – 1970 – present in print, 1960-present online.
• Search Options – Quick Search (one search box), Advanced Search (three search boxes,
similar to many other databases), and Command Search (in other databases called Expert
Search, essentially a large search box allowing you to design a strategy based on your
knowledge of Boolean Logic (See Chapter 6 for complete explanation of Boolean
Logic[link]).
• Search history – available.
• Thesaurus – available.
• Language scope – international
• Limits available – date, latest update, journal articles only, English only.
•
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Publications covered – journals, conferences, books. Book chapters, web sites, technical
reports.
• Display options – short format, full record, full record without references, customized
record (by selecting fields).
• Sorting options – date, relevance.
• Output – print, e-mail, save to a file, and export records to a bibliographic management
service, such as RefWorks, and EndNote.
3. Biological Abstracts: This is the most comprehensive database in the biological sciences,
covering biology, biochemistry, biomedical sciences, some agricultural areas, some food science.
It covers at least 5100 journals, and publishes about 360,000 abstracts per year. It will cover
most research needs, and should be the primary database if you need to search a topic
comprehensively.
• Thomson Scientific, Inc. Philadelphia. (Thomson purchased BioSciences Information
Services in 2005).
• Time period covered: 1926 – present in print, 1969 – present (DIALOG), 1990 present
(Silver Platter).
• Search options – basic and advanced.
• Search history – available.
• Thesaurus – available.
• Language scope – international (more than 70 languages). Note that abstracts are all in
English but they refer to articles written in many languages.
• Limits available – abstract indicator, language, publication year, document type, update
code, material type (medium).
• Special fields – OR = organism, ST = Super Taxa, TN = Taxa Notes
• Publications covered – journals. However a companion database, Biological
Abstract/RRM (reports, reviews, meetings) covers reports review articles, and conference
papers. This plus Biological Abstracts form BIOSIS Previews, available through
DIALOG.
• Display options – brief record, full record (all fields shown), or customize by fields.
• Sorting options – can select field to sort, either A-Z or Z-A.
• Output: print, e-mail or save to a file, export to EndNote, ProCite, Biblioscape.
4. Biological and Agricultural Index: This database covers 350 core journals in all areas of
biology, agriculture (including food science, forestry, and fisheries), biotechnology, nutrition
and paleontology. Because the journal coverage is limited, it is not for comprehensive searching
of the literature, but most undergraduate students do not need so many references on a topic, so it
is very useful for students.
• Publisher – H. W. Wilson Company, New York.
• Time period covered: Print: 1916-1964 as Agricultural Index, 1964- present as Biological
and Agricultural Index. Online: 1983-present.
• Search Options: basic advanced, and browse term (with selected field to search on).
• Search history – available.
• Thesaurus – available.
• Language scope – English.
• Limits available – limit to full text articles only, page image (PDF), peer reviewed,
document type, physical description, date.
•
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• Special fields – full text indicator, books reviewed.
• Publications covered – journals.
• Display options – Brief, Full.
• Sorting options – Date, relevance.
• Output – print, e-mail, save to a file.
5. Dissertation Abstracts:. Dissertation Abstracts International in print is divided into three
parts: Section A: Humanities and Social Sciences; Section B: Sciences and Engineering; Section
C: Worldwide Dissertations (17). Thus it covers a very broad area, with many dissertations in
biology. Since dissertations are generally much longer than articles, they represent very thorough
research on a subject, and therefore can be valuable literature. However they are not as readily
available as journals are, because your college or university will have all its own dissertations,
but only a small percentage of the ones form other institutions. They can be purchased from
University Microfilms International, or gotten through interlibrary loan. Undergraduate students
often do not have time to wait for this. This is one reason why you need to know what kind of
publication you are looking at when you look over your search results.
• Publisher – University Microfilms International, Ann Arbor, Michigan. Online Provider
is ProQuest, also Ann Arbor, Michigan.
• Time period covered – 1938 – present for the print version, 1861 – present for online .
• Search options – basic, advanced, and browse (choose broad subject, then narrower term,
then restrict to a field0.
• Search history – available (“Refine Your Search”).
• Thesaurus available – none, because there is no controlled vocabulary.
• Language scope – international.
• Limits available – degree date, language.
• Publications covered – doctoral dissertations since 1861, masters theses since 1988.
• Display options – brief, full record with abstract, and for some a 24 page summary.
• Sorting options – degree date, author, title.
• Output – print. Also can order dissertations in PDF format.
6. PubMed: This is the free, public version of MEDLINE, a major database covering more than
4800 journals in medicine and biomedical research. It is very useful in many areas of biology,
and its attached special databases cover DNA sequences, protein sequences and structure, genetic
and genomic research. PubMed has many unique search features including the use of topical
subheadings which can be used to narrow down a search using medical subject headings. The
search system has become very sophisticated and continues to advance.
•
•

•
•

Publisher – National Center for Biotechnology Information (NCBI), of the National
Library of Medicine, Bethesda, Maryland, U.S.A.
Search options – basic Boolean searching, but also searching with medical subheadings
under the MeSH Search link. Also terms can be seen within a broader or narrower
hierarchy (Tree Structures, see below) so you can search either using the term you started
with, or choose a broader or narrower one.
Search history – available.
Thesaurus – Medical Subject Headings (MeSH) can be found online, and in an annual
publication, Medical Subject Headings, which lists all approved controlled vocabulary
terms and their relationships to each other, through cross references. Also included is a
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list of these terms in their hierarchical organization (broader terms shown above narrower
ones), with a numbering system to reflect this hierarchy. This is referred to as the Tree
Structures.
• Language scope – international.
• Limits available – Fields, publication type, human age categories, dates of publication,
only records with abstracts, languages, human or animal studies, broad fields, gender
(here again note that the science influences the structure of the database: human medicine,
where gender considerations are important, hence this option).
• Publications covered – journals.
• Display options – brief records, full record with abstract, customized records.
• Sorting options – author, journals, publication date.
• Output – print, e-mail, save to a file, and export records to a bibliographic management
program, such as EndNote.
7. ScienceDirect: This is very different from the other databases described in this chapter,
because a principle feature of it is full text articles retrievable through a list of journals. The
journal volumes and issues can be access by subject categories or by an alphabetical list. It
provides access to more than 8,000,000 articles including archives before 1995. It also has 13
databases, searchable by key word, including MEDLINE and BIOSIS Previews. Scirus is a
special database covering science web sites.. Note: Database availability, and journal coverage
depend on the type of license developed between the publisher and your library.
• Publisher – Elsevier Science Publishers.
• Time period covered – 1995 top the present, with backfiles before 1995.
• Search options – Select journals from a list, Quick Search, Basic Search (search boxes
connected by Boolean operators and allowing restriction of each key word to certain
fields), and Advanced Search which allows you to put in your own search strategy.
• Thesaurus – n. a.
• Language scope – international.
• Limits available – in each database, publication type, population, gender (in MEDLINE),
language, fields.
• Publications covered – journals, books, online reference works.
• Display options – brief, full text.
• Sorting options – n.a.
• Output – brief record, full text.
7. SciFinder Scholar: This online database is the current version of Chemical Abstracts, the
most comprehensive database in the field of chemistry. It has been published since 1907. It
covers 9,000 or more journals, and also covers patents from the U. S. and many countries, and
other publications. Its coverage of chemical literature is very broad, covering pharmacy and
biochemistry, for example, as well as inorganic and organic chemistry. It covers biology where
there is a chemical aspect, so is relevant for biologists. It also now includes MEDLINE.
SciFinder Scholar contains a total of 23 million records (18)
• Publisher – Chemical Abstracts Service, Columbus, Ohio, a division of the American
Chemical Society.
• Time period covered – Chemical Abstracts in print, 1907 – present; CA Search (provided
by DIALOG Information Services) 1967-present; SciFinder Scholar, 1967- present.
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Search options – Chemical Substance or Reaction; Research Topic; Author Name;
Document Identifier; Company Name; Browse Table of Contents.
• Search history – none.
• Thesaurus – none.
• Language scope – international.
• Limits available – Under Chemical Substance or Reaction, can restrict search to different
reaction roles.
• Publications covered – journals, conferences, patents.
• Display options – brief record has author, title, journal citation. Full record has those plus
an abstract.
• Sorting options – none.
• Output – print or save to a file.
8. Web of Science: This is the current online version of Science Citation Index, which has
been published since 1961. It covers all the sciences as well as engineering. The principle
feature which makes this database stand out is discovering people and their works which
have cited a particular reference or paper of interest. Their work should also be of interest,
and one can judge, to a degree, the importance of a work by how many times it has been
cited. The entire subject of citation indexes and their importance in science is covered in
Chapter 7. Web of Science is actually a part of the Web of Knowledge, a major resource
which includes many other databases, such as Biological Abstracts, allowing one to search it
AND do citation searching on the results.
• Time period covered – 1998-present.
• Search options – Quick Search: topic; General Search: topic, author, journal,
address; Cited Reference Search: articles which cite another author or work;
Advanced Search: complex searches, restricted to certain fields, and set
combinations (search strategies).
10. Zoological Record: This is the most comprehensive index, and database, for zoology.. It has
been published continuously since 1864, making it the longest running source in the sciences. It
provides access via author, subject, genus taxonomic category, geographic term and
paleontological terms. Since the print version goes back so much further than the online, it
should be noted that you can easily search the literature year by year, and it only involves three
steps (in spite of the four pages of instructions). For example: If you looked up Brachyteles in the
Animal Name Index it refers you to a page in a larger index which lists very brief references.
There find the author’s name and go to the Author Index for the full citation, and the search is
done. Zoological Record in print is divided into 20 sections by phylum and class. The insects
occupy six sections Each section is searched separately (19).
•

•
•
•

•

Publisher – BioSciences Information Service, Inc. Philadelphia. Edited by the
Zoological Society of London.
Time period covered – 1864-present for print, 1978-present for online.
Search options: Many types of searching, according to the many fields available –
in particular, author, subject, key word, systematic, paleontological, and other
search possibilities.
Search history –
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•
•

•
•
•
•

•

Thesaurus – Subject Thesaurus (3000 terms) and Systematic Thesaurus (7000
taxonomic terms).
Language scope – international. In the print citations are in English regardless of
the language of the original document. However, before 1987, when the
Zoological Society of London published it, citations were in English, French,
German, Spanish and Portuguese, with other languages translated into English
[ do op cit if can or personal, re: a workshop]
Limits available – Language (English or not English), abstract or not, limit to
records dealing with fossils, publication year.
Publications covered – books and monographs, conferences, journals.
Display options – short record (title and year), bibliographic citation, full record,
and several choices in selecting fields to be displayed.
Sorting options – sortable fields include author, corporate source (such as
institution where author works), journal name, publication year, title. This applies
to Zoological Record as provided by DIALOG, but other providers may not have
the same options.
Output – [must see this online]

Databases vary considerably according to the kind of searching they emphasize, i.e., the aspect
they have developed most fully. There are five of these aspects, and each database has all five
even if one or more is a key feature:
• Search logic - Biological and Agricultural Index
• Fields – Biological Abstracts, Aquatic Sciences and Fisheries Abstracts, Dissertation
Abstracts, Zoological Record.
• Thesaurus – PubMed.
• Publication Type – ScienceDirect.
• Citation relationships – Web of Science.
Not all databases have a strong emphasis in one of these aspects. There is another factor involved
in how databases cover their science. The science covered influences the fields in each record.
For example, Biological Abstracts has an organism field, and taxonomic fields. In contrast,
SciFinder Scholar is designed to search for chemical substances and chemical reactions, not just
subject or author.
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Chapter 5: Search Strategy Preparation
1. Introduction:
The goal of this chapter is to help you get better search results. Too often people just type in one
word, get so-so results, while the capabilities are all there for a better search. This can be seen by
looking at a search engine, such as this one (Fig. 1) for Academic Search Premier: There are
three search boxes where you can input words or phrases. To the left are small pull-down menus
for Boolean operators – you can choose AND, OR, or NOT. The AND operator helps you
narrow down your search on a term if you use a second or third term to do so; the OR operator
broadens your search, if you need to retrieve results on two or more terms, such as synonyms;
the NOT operator removes some unwanted material but it also can remove some of the good
material so should be used with care (1). To the right, the pull-down menus allow you to choose
which field your term will be searched in.

Fig. 1. Academic Search Premier search screen. Reprinted with permission, EBSCO Publishing,
Inc.
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There are many choices, but the most useful are: author, key word, title, and subject. The subject
field, which uses controlled vocabulary, will often get you better results than key word or default.
The default choice searches all fields at once, so pulls up the largest number of items. However
these results often contain many irrelevant records. Choosing to search just in the title field gives
you high relevance, but it does cut down on the number of hits overall.
As mentioned in Chapter 4, databases vary considerably according to the kind of searching they
emphasize, i.e., the aspect they have developed most fully. There are five of these aspects, and
each database has all five even if one or more is a key feature:
•

Search logic - Biological and Agricultural Index

•

Fields – Biological Abstracts, Aquatic Sciences and Fisheries Abstracts, Dissertation
Abstracts, Zoological Record.

•

Thesaurus – PubMed.

•

Publication Type – ScienceDirect.

•

Citation relationships – Web of Science.

Not all databases have a strong emphasis in one of these aspects. In this chapter we will be
illustrating searching using search logic, fields, and the use of a thesaurus. The publication type
approach is easy enough, using ScienceDirect, needing no detailed instruction. The citation
relationships approach will have an entire chapter devoted to it (Chapter 7).
2. Boolean Logic and Related Search Methods:
What do AND, OR, and NOT really mean?
Boolean Logic and Search Operators:
Although there are many different search strategies possible, using from one to a large number of
key words, combined in various ways, the entire essence of the search process can be revealed
using just two key words to illustrate. The key words can be combined in a strategy depending
on how closely associated the terms should be to retrieve the desired results.
It is closely tied to the structure of a database: the fact that a database consists of records each of
which has several fields. Most fields consist of one sentence or its equivalence. The abstract
field, however, generally has more than one sentence. In view of database structure, the main
consideration in designing a search strategy is how closely linked the two concepts should be, as
represented by the two terms and the operators between them. The discussion below ranges from
the very tightest association between terms to the loosest. Here are the options available:
1 – Both terms should be adjacent and in the order written: for example, wildlife adj
conservation (or in some search engines, wildlife(w)conservation) (2). This is the adjacency
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operator. Some databases have a variant of this where the two terms can be adjacent but in either
order, in addition to the above described adjacency operator.
2 – Biological and Agricultural Index has an operator which allows one or more words to come
between the two search terms: Near/n (3). Here n can be from 1 to 1024. An example: wildlife
Near/1 conservation could retrieve “conservation of wildlife”. Many databases have a similar
feature.
3 – Biological and Agricultural Index also has Near without an attached number. This requires
that the two terms be in the same sentence.
AND: You may want to search for literature just on the monkeys in the Atlantic Forest of Brazil.
You need to avoid searching for everything about monkeys and everything about the Atlantic
Forest. The search strategy “monkeys AND atlantic forest” will do that for you. What the
computer is actually doing is searching for records in which both terms appear – one term could
be in the title, the other in the title of abstract, or a subject field (4). An example is shown in Fig.
2 (“monkeys in the abstract, and “Atlantic Forest” in the Geopolitical Location field).

Fig. 2. Search result for “monkeys AND atlantic forest,” in Biological Abstracts. Copyright Ovid
Technologies, Inc. Copyright Thomson Reuters. Source: Thomson Reuters.
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Other operators require the terms to be closer together, such as both in one field, or within one
sentence. For example, in Biological Abstracts (Silver Platter version) WITH requires two
terms to be in the same field, such as the title, or in the abstract (“monkeys WITH atlantic
forest”) (5). In the abstract the two terms can be in different sentences, but in the abstract (Fig.
3). They can both be in another field also. The WITH operator is therefore somewhat stricter
than AND which only requires they be in the same record.

Fig. 3. Search Result for “monkeys WITH atlantic forest,” in Biological Abstracts. Copyright
Ovid Technologies, Inc. Copyright Thomson Reuters Source: Thomson Reuters.

An even stricter operator is NEAR(6). For example “monkeys NEAR atlantic forest” requires
the two terms to be in the same sentence (Fig. 4). Notice they are both in the first sentence of the
abstract.
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Fig. 4. Search result for “monkeys NEAR atlantic forest,” in Biological Abstracts. Copyright
Ovid Technologies, Inc. Copyright Thomson Reuters. Source: Thomson Reuters.

If you search using the WITH operator you will get fewer records as the results of your search
than if you used AND.
You would get fewer still if you used NEAR. The stricter the operator, and thus the closer the
terms are associated, the smaller will be your retrieval. However, the relevance or quality of your
results will generally be better.
OR: All of the above operators narrow your search giving you far fewer results than if you used
one term alone, but results determined by both terms, hence more relevant to what you are
looking for. The OR operator broadens your search (7). If you combine two terms, such as
“monkeys OR squirrels” you will retrieve records with either term, i.e., all the monkey literature,
and you will also get all the squirrel literature. If there are any papers which deal with both
monkeys and squirrels, you might expect each of the two terms to retrieve them separately,
leading to duplication of those. However, this duplication does not occur with the OR operator.
The OR operator is good to use for synonyms, or if you need to search for all the literature in
two or more categories. There will be more about OR under Nesting, below.
NOT: You can exclude some literature with the NOT operator (8). For example if you wanted
literature on monkeys but not squirrels, you could just input “Monkeys, NOT squirrels”. The
NOT operator would remove not only all the squirrel literature, but some of the monkey
literature as well, since there may be some papers that deal with both kinds of animals. Therefore
use this operator carefully, realizing you may lose some good references.
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3. Proximity (or Adjacency) Operators:
When you design a search strategy and need to combine two terms, there is great flexibility in
just how closely you can make the association (9). In Biological and Agricultural Index,
NEAR/n is a proximity operator which requires two terms to be within “n” words of each other.
“monkeys NEAR/8 apes” selects records where the two terms are within eight words of each
other. There is a wide range available here. The “n” can be any number from one to 1024. In
Biological Abstracts the adj (for adjacency) operator requires the two terms to be adjacent and in
that order: “endangered adj species”. There are adjacency operators in some databases which
allow the two terms to be in either order, yet adjacent.
4. Restriction to a Field:
As mentioned above, you can make sure the search engine of a database only searches for a term
in a specific field: Brachyteles in OR for example, the organism filed in Biological Abstracts.
Another example would be: Smith, TC, in AU for an author. An author’s name really should be
restricted to the author field, in case it can be mistaken for a term. When you restrict your term to
a specific field, you will retrieve a lot fewer records. They will be mostly right on target,
however. You have to strike a balance between the number of records you want to retrieve and
the relevance of the records. There are two terms to describe the concepts involved here:
Precision is the percentage of records you retrieve which are good, or useful to you (10). A
computer is a machine, and it can bring up ones which fit the criteria you set down in you
strategy, but which are not really on the topic. Recall is the term used for the percentage of
records which actually exist on your topic that your search strategy retrieves (11). If you need to
be thorough and not miss any important paper, go for high recall. Use AND and do not restrict
your terms to specific fields. If you are not concerned about missing an important paper, and
only need a few references (as is often the case for undergraduate students), you can use the
stricter operators and perhaps restrict some of your terms to a field. All this depends on very
much on how much literature there actually is on your topic. There was a time when you would
have had to pay to search expensive databases, and had to be careful to design the best strategy.
Today you can do searches freely, and so you should feel free to experiment with different
search strategies. We will, however continue to show you more search methods to help you
design the best strategies.

5. Truncation:
Sometimes, to save time and space in a search strategy you may want to use only a word root
instead of all the variations, or to use one term for singular and plural instead of two. Truncation
allows use of a shorter form of a word to accomplish this (12). Truncation symbols vary in
different databases: *, ?, #, or $ can be used. If you needed to search the literature for cells, cell*
would retrieve cell, cells, cellular. In the DIALOG system cell? ? retrieves cell and cells, while
cell? retrieves cell, cells, cellular. The major caution here is do not truncate too short. For
example cat* could retrieve cat, cats, cathodes, catacholamines, categories, and probably
many more surprises. It is best to think first before truncating. There is also internal truncation
to get more than one form of a word: wom?n retrieves woman or women.
6. Nesting:
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A search strategy is actually a statement of sorts and it should reflect what you actually mean
when you write it up. The main principle can be illustrated thus: If you type in “ atlantic forest
AND monkeys OR squirrels”, you would find that the AND operator only combines atlantic
forest with monkeys, and leaves the squirrels term to be searched in its entirety, without any
restriction to atlantic forest. You would get everything about squirrels. Nesting refers to the
correct use of parentheses to make your search strategy do what you intend it to do (13). If you
type in “atlantic adj forest AND (monkeys OR squirrels”) you would restrict both animal groups
to “atlantic forest”.
7. Phrase Searching:
In many databases, and on the web, two adjacent terms can be put in quotation marks: “atlantic
forest” (14). This is the same as: atlantic adj forest. Both terms must be adjacent and in that order.
Quotation marks are very useful for improving your search results especially if there is no
adjacency operator in a particular database. Some databases, like Biological Abstracts and
PubMed, will automatically treat certain preselected terms as phrases. In PubMed these are
simply treated as such through no action on your part, and in Biological Abstracts certain terms
are hyphenated, like protein-synthesis. These are called bound phrases.
8. Controlled Vocabulary:
Controlled vocabulary terms are those which indexers assign to records according to subject, and
exist in an approved list. As mentioned in Chapter 1, this list is called a thesaurus. A thesaurus
in this sense list the approved terms and under each you will find listings of broader, narrower,
and related terms, as well as cross references to other term and cross references from unused
terms to the approved term (15). These controlled vocabulary terms are therefore entirely
different from key words which do not have to be on any list and can be used freely by the author
of a document or by a searcher. Controlled vocabulary terms are also referred to as descriptors,
which are generally found in a descriptor field just below the abstract in each full record of an
article or other document. In an online library catalog books can be searched using author, title or
by Library of Congress Subject Headings (another example of a thesaurus), which are controlled
vocabulary just as in a database. Some more considerations:
a) Comparison of controlled vocabulary and key words:
Advantages of using controlled vocabulary (16):
•

Comprehensive coverage of a topic even if the term is not in the title or abstract of a
record

•

Better quality results.

Advantages of using key words:
•

Can use any term

•

Can be very current
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•

Authors supply the terms, so they are the ones used in that discipline

•

Can be in the title or abstract fields.

b) Controlled vocabulary in Biological Abstracts
This database has a rather complex system of controlled terms, in several special fields. The
following is a brief selection from the Database Guide feature of Biological Abstracts (17).
Each two letter code is deciphered, with the examples given in parentheses.
•

CB = Chemical and biochemicals (calcium in cb)

•

CC = Concept Codes - broad subjects expressed as numbers (respiratory systempathology in cc)

•

DS = diseases (lyme disease in ds)

•

GE = Geopolitical location (Pennsylvania in ge)

•

MC = Major Concepts (agronomy in mc)

•

MI = Additional concepts [explain]

•

MQ = Methods and Equipment (electron-microscopy in mq)

•

OR = Organisms - good for genus and species (Brachyteles in or)

•

PS = Parts, Structures and Systems of Organisms (thorax in ps)

•

SD = Sequence Data (nucleic acid sequence in sd)

•

ST = SuperTaxa - broad taxonomic categories (pisces in st)

•

TM = Geological Time Scale (cenozoic in tm)

•

TN = Taxa Notes - common names of broad taxonomic categories (animals in tn)

•

TS – This field searches all other fields for broad subject terms (cardiovascular in ts)

•

TP = This is also a composite “field”, used to search all of the fields above, at once.
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The SuperTaxa correspond to numerical codes for taxonomic categories (families, orders, classes)
called the BioSystematic Codes, once used exclusively for taxonomy here. They can be found,
like all controlled vocabulary here either by checking the thesaurus or by doing a preliminary
search and looking at these fields.

c) Controlled vocabulary in PubMed:
The PubMed version of MEDLINE is a major medical and biomedical database which can be
searched free so it is one you should use if you can. It has, over the years, developed its
controlled vocabulary to a sophisticated level. There are several parts:
1 – The Medical Subject Headings: Available online and in a book (18): Medical Subject
Headings (an example of a thesaurus) It is revised and updated annually. An illustration of the
system will come from this source to illustrate all the concepts and methods.
2 – Tree Structures: Structure (19).
The main list of headings is in the front of the book and the second major section is the Tree
Structures. By looking up the number in the Tree Structure you can find broader or narrower
terms, related to the term you first looked up in the subject headings. There may be times when
you would prefer a broader or narrower term. PubMed indexes each article to as narrow a
heading as possible, depending on the breadth of the subject matter of the article.
3 – The Concept of Explosion of Terms (20): If you search using a term, such as Lyme Disease,
you would also find a narrower term, Erythema Chronicum Migrans. . If you were to search
PubMed for Lyme Disease, you would get a large number of articles on lyme disease, and also
some on Erythema Chronicum Migrans. This is referred to in PubMed as exploding the term
lyme disease, i.e., searching on all narrower terms as well as the term you used. When searching
with topical subheadings (see below) there is an option to turn off the explosion feature so you
do not search for the narrwerr terms.
4 – Topical Subheadings: There are 83 special terms which are used to modify a search 5), and
click on “Go”on a medical subject heading, giving you narrower, more specific search results
(21). Examples of the topical subheadings would be: diagnosis, epidemiology, drufg therapy,
treatment, etc. Each one of these can be applied to many medical subject headings. They can be
used in a PubMed search, as shown here. We will search for lyme disease. Click on “MeSH
Database”. Type in “lyme disease” (Fig. 5).
.
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Fig. 5. Search for lyme disease in PubMed, using MeSH Database component of PubMed.

You will see several descriptions below (Fig. 6). Click on the first one.

Fig. 6. Disease descriptions, first result of lyme disease search.
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The next screen shows the description again and the Topical Subheadings. Note the explanation
after “Subheadings”, and you can now narrow your search down to one or more subheadings
(Fig. 7). Here we will just choose “therapy”. Note below a way to restrict your search, and to
prevent exploding your term “lyme disease”.

Fig. 7. Lyme disease entry, showing Topical Subheadings (therapy shown as choice for next
step).
Notice (Fig. 8) below the subheadings the three “trees” which show your term in context of
broader or narrower terms.
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Fig. 8. Tree Structures shown below Topical Subheadings shown in Fig. 7.

“lyme disease” will be exploded to include the narrower term unless you opt to prevent this. To
perform this search click on “Send to”. Then among the choices in this pull-down menu, choose
“Search Box with AND” (Fig. 9). You need AND here to narrow your search to “therapy”.
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Fig. 9. Lyme disease search in MeSH Database, selecting “Search Box with AND.”

Click on this choice, then (Fig. 10) you will see, in the next screen, your complete search
strategy: “Lyme Disease/therapy” [MeSH]. Now you are ready to get some results. Click on
“Search PubMed” and a list of 1694 brief records are now shown (Fig. 11).
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Fig. 10. Lyme disease search in MeSH Database, selecting “Search PubMed.”
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Fig. 11. Results of “lyme disease/therapy” [MeSH] search in PubMed, i.e. lyme disease results
narrowed to Topical Subheading “therapy.”

You can click on the author’s name to get full records with abstracts, change the display for all,
reduce the search to reviews [check on how], look at related articles, or links [check], resort the
results, there is so much you can now do with these results. You need to notice all these options,
since so often we miss something quite useful. See the top of Fig. 1 to note options.
This very concept is also used when you are searching an online catalog, under subject, for books.
This will be true if your library’s catalog uses the Library of Congress Subject headings.
9. More About Search Strategies:
How can you use controlled vocabulary to enhance your search? It is always good to consult an
online thesaurus, such as the one available on the home page for Biological Abstracts (Silver
Platter version), or Medical Subject Headings. However you can also do a preliminary key
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word search, and carefully choose the best record in your results, and display the full record.
Look at all the fields and choose one or more terms as needed to be part of another search.
Remember that the fields are all explained in the help system (or in the Database Guide for
Biological Abstracts).
There is one major caveat, however. If you just click on one of the descriptors or other controlled
term, you will get search results for that term in its entirety, with out the results being limited by
your previous search strategy. You can, however, use any of these terms or numerical codes
within a second search strategy. You can continue to do this repeatedly to refine your search
results. In Biological Abstracts the Supertaxa and Taxa Notes fields offer you a complete
classification of the organism you are researching, a very useful feature (22). You can even use
this if you have a genus name but do not know what kind of organism it is.
10. Developing a search strategy: This can be done in a few steps (Fig. 12) (23):
a) Write a complete sentence describing what kind of literature you want to find;
b) Analyse the sentence to identify the concepts in it. The example I use here has three
concepts in it, but sometimes there are only two. Strategies can vary in many ways;
c) On a sheet of paper put the concepts across the top;
d) Under each concept term there is a column. Down each column list terms representing
the concept, using synonyms, or all words which fit into this concepts;
e) The terms in each column are then connected by OR operators;
f) Then connect the whole columns with AND operators;
g) Then write the strategy as shown in Fig. 12, with parentheses (very important),
isolating each set of OR’d terms, and then AND between the different sets defined by
parentheses. The parentheses ensure that that the AND operators apply to all the terms
within the parentheses. The parentheses provide meaning to the search strategy statement.
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Search Strategy Preparation: An Example
1. Statement - what you want to find: Articles on endangered monkeys in the Atlantic
Forest, Brazil.
2. Concepts: endangered species; monkeys; Atlantic Forest
3. Chart:
Endangered Species

Monkeys

Atlantic Forest

endangered adj species

monkey*

atlantic adj forest

OR

AND

threatened adj species

OR
brachyteles

AND

OR
mata adj atlantica

4. Search Statement: (endangered adj species OR threatened adj species) AND (monkey*
OR brachyteles) AND (atlantic adj forest OR mata adj atlantica).
Fig. 6 Search strategy preparation. From training session, by DIALOG Information Service,
Cambridge, MA, 1986.

11. Summary of Main Points:
1 – The standard search engine consists of search boxes, Boolean pull down menus and
search field pull down menus.
2 – Boolean Logic: AND and related operators determine which records are retrieved by
whether both terms appear in the same record, or that they appear with various strictures
as to how close together they must be.
3 – OR retrieves all the literature on either term, yet this does not lead to duplication of
records which have both terms in them.
4 – Proximity operators offer a lot of flexibility on how close the two terms should be.
5 – Often the best way to search is to restrict a term to an appropriate field.
6 – Truncation must be used with care. Do not truncate too short.
7 – Nesting: Parentheses can be used to be sure your search statement will retrieve what
you intend.
8 – Phrase searching for binary terms is a good way to ensure adjacency.
9 – Controlled vocabulary: a) in Biological Abstracts there are many fields for different
kinds of controlled terms; b) In PubMed always check on the relation between broader
and narrower terms. Also topical subheadings can be used to narrow a search using
medical subject headings. Use a preliminary search to discover new subject headings to
enhance your search.
10 – Write out a statement of what you are looking for, and draw up a chart to develop a
search strategy statement.

98

References
1. Dialog Information Services, Inc. Searching DIALOG: the complete guide. Palo Alto,
CA: Dialog Information Services, Inc. 1991. p. 5-2
2. Ibid. p. 5-3.
3. H. W. Wilson Company. Search/Boolean Operators. Help. Biological and Agricultural
Index. New York: H. W. Wilson Company, 2007.
4. Dialog Information Services, p. 5-3.
5. Ovid Technologies. Combining Terms with Operators. Help. Biological Abstracts.
Ovid Technologies, Norwich, MA 2007.
6. Ibid.
7. Dialog Information Services, ibid., p. 5-5
8. Ibid. 5-3.
9. H. W. Wilson, Ibid.
10. Watters, Carolyn. Dictionary of Information Science and Technology. San Diego,
CA: Academic Press, 1992. p. 176
11. Ibid. p. 188.
12. Dialog Information Services, ibid., p. 5-5
13. Ibid., p. 5-25.
14. Dialog Information Services. Ibid., Valid Search Statements, p.---15. Western Washington University Library. Using Controlled Vocabulary.
http://www.library.wwu.edu/ref/howtoguides/usingcontrolledvocabulary.html
16. Ibid.
17. Biological Abstracts. Database Guide. Ibid.
18. National Library of Medicine. National Institutes of Health. Medical Subject
Headings. Bethesda, MD: National Library of Medicine, 2004. p. J-28.
19. Ibid., pp. 1145-2079.
20. Ibid.
21. National Library of Medicine, ibid., p.--22. Ovid Technologies, ibid.
23. Dialog Information Services, ibid., p. 5-2.

99

Chapter 6: Citation Indexes
A. Introduction
We have shown how to find material on a topic, by key words, subject headings, authors, and
other ways. Even an author’s name can retrieve articles of interest if you know something about
that author’s work. A scientist refers to earlier work, in the references at the ends of his own
papers, just as a student would in a term paper. This means that scientist is interested in the
works of those earlier scientists. Most likely that scientist is doing similar work. This gives rise
to an entirely different kind of index from all those we have been discussing: Science Citation
Index, and its online version Web of Science. In both of these one can look up an author or a
paper and find out all those later papers which refer to it, i.e., cite it. This is said to be even better
than a subject search, in terms of the relevance of the articles found (1).
B. Background Information
To really understand what you are searching, and how it works, you will need a small amount of
background information: how Science Citation Index got started, and who invented it.
1. The inventor: Eugene Garfield. Born in 1925 in New York, Garfield studied to be a chemist
(B.A., Columbia, 1949). He had some early career shifts, but he found success at the Welch
Medical Library at John Hopkins University. He found he had more skill working with the
chemical literature developing a medical subject heading system, which was amenable to
computerization, than he had as laboratory chemist (2). He also developed a series of
publications in several fields: Current Contents. Each one of the seven editions reproduced the
current tables of contents of many journals in that field, to help readers keep up to date with the
literature (3). In his study of the management of the scientific literature he knew he had to figure
out how to provide access to the scientific literature which cites earlier literature. Something was
missing. A colleague suggested he look at Shepard’s Citations (4). This publication, in the field
of legal research, lists all the court cases which cite a prior case as a precedent (5). This is
exactly what Garfield needed. Then he and Joshua Lederberg (Nobel laureate in genetics)
produced Genetics Citation Index in 1961. This was the precursor to Science Citation Index.
C. Science Citation Index
This section is important if you need to go back more than several years in your searching. If not,
you can skip to: E. Web of Science.
While you are exploring Science Citation Index or Web of Science, a clarification is in order.
This author has found the definitions of the terms “citation” and “reference” to be very
unsatisfying and not very clear, in various dictionaries. The following is recommended:
•
•

Citation: A citation is an action - the act of citing a publication, i.e., referring to it in a
publication.
Reference: A reference is a record of a publication, listed in a more recent publication.

Science Citation Index began in 1961, and covers the literature from that time forward, in
bimonthly issues, annual and five year cumulations. It also has two ten year retrospective
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additions, which cover the literature from 1945 to 1954, and 1955-1964 (6). It covers all the
sciences, and engineering. It covers about 5600 journals, which is only about 10% of those in all
of science, but it covers the most cited ones so covers the most significant part of the scientific
literature (7).
1. The Component Indexes of Science Citation Index
•

Source Index -This is a list of the papers published by each author during a given year . It
is the only place where complete references, including article titles, are provided. All
other indexes refer the reader to this index. Unlike most indexes, the following indexes
do not use page numbers, but instead use author’s names, which can be traced in the
Source Index.

•

Citation Index – This index lists the papers which an author has published over many
years. Under each one are all those who cited that paper during the current year (i.e., as
of the date of this particular volume). Each such citing author or paper can be looked up
in the Source Index for that year to get a complete reference, and the author’s address.

•

Permuterm Subject Index – This index is based on key words taken from titles of articles
listed in the Source Index. Match up two key words and then look up the author found in
the Source Index of the same year, for a complete reference to the article found.

•

Corporate Index – Look up an institution by city and state or country in the Geographic
section of this index. If you do not know the location of the institution, use the
Organization section of the Corporate Index first, then go to that city in the Geographic
section, and under the institution's name find the appropriate department and see the list
of papers published by people in that department. To find out what they are publishing,
go to the Source Index for complete references of these papers with titles listed.

2. How to Search the Literature using Science Citation Index: An Example.
A literature search can start in the Permuterm Subject Index (Fig. 1).
This index is based on key words taken from the titles of articles. The primary term used
here is “Monkeys”. Listed alphabetically under it are coterms. The small arrows identifies
unique articles, so while searching for many articles under one primary term, just search for
the articles with the arrows (8). Here we can follow two coterms: “spider” and “woolly”. The
latter is more specific so we will trace it. The index only gives us a name, “Strier”.
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Fig. 1. Science Citation Index. Permuterm Subject Index, 1991. Source: Thomson Reuters.
We go to the Source Index (Fig. 2), where we find a complete reference to Strier’s article in
the American Journal of Primatology.

Fig. 2. Science Citation Index. Source Index, 1991. Source: Thomson Reuters.
The journal name is abbreviated but there is a list to provide the full name (Fig. 3).
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Fig. 3. Science Citation Index. Source Publications, 1991. Source: Thomson Reuters.
Notice in Figure 2 that we not only have a full citation with article title but also have the
author’s address. The title of this article has several key words, including the scientific name
for the species. This means this article could have been found via the Permuterm Subject
Index under any of these terms, as primary terms or coterms.
The Strier article was published in 1991. It could have been cited during 1991, and at any
later time. Generally an article gets cited more and more during the first few years, and then
less and less (9). To see who has cited the article we turn to the Citation Index (Fig. 4). Here
we are only using the 1995 Citation Index, but could have used any year. Under Strier, KB,
we find each of his articles and even books (note “Faces in the Forest”). These could have
been published at any time. They are referred to as Cited Items (10). Under each you will
find in light type, several very brief references. These are the Citing Items. These are the
articles which cite Strier’s works. They are only published during 1995, a few in 1994,
because we are only using the 1995 annual edition of this index.
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Fig. 4. Science Citation Index. Citation Index, 1995. Source: Thomson Reuters.
Choose any one of the citing items and go the Source Index for 1995, and find a complete
reference to the article. The article can be found in the library, or online if the journal is
electronic, or through interlibrary loan, and read it. We can choose to see who cited the
American Journal of Primatology article: Agetsuma and Leigh. If we look up the Leigh
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article (Agetsuma reports on different monkeys, primarily) in the Source Index, we find the
full citation (Fig. 5).

Fig. 5. Science Citation Index. Source Index, 1995. Source: Thomson Reuters.
We can now read this article, but there is much more we can do. We can go further and see
who cited it, and thus build up a bibliography based on people who are citing articles on this
topic. The number of articles would get greater the further forward one goes in time, up to
the present.
There is also another method, called recycling (11):
1 Read the article by Leigh (Fig. 6),which cited the original article by Strier.
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Fig. 6. American Journal of Physical Anthropology, 1994. Reprinted with permission of WileyLiss, Inc., a subsidiary of John Wiley & Sons, Inc.
2

Look at the references at the end of the article (Fig. 7) and note that it does indeed
cite the Strier article in the American Journal of Primatology.

]
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Fig. 7.. American Journal of Physical Anthropology, 1994. Reprinted with permission of WileyLiss, Inc., a subsidiary of John Wiley & Sons, Inc.
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3

Look over all of the 34 references in the Leigh article, and find a significant older
article, one that would be useful.
4 Then go back into the Citation Indexes for a number of years and find all those who
are citing it. These new citing articles will also be relevant to the topic. This is the
recycling process. It can be repeated a number of times to build up a bibliography.
This is the power of citation searching.
3. Web of Science
Web of Science is the most current online version of Science Citation Index, and it also
includes Social Sciences Citation Index and Arts and Humanities Citation Index. When
searching it be sure to check off only the index or indexes, of the three, to be searched. It
covers the literature from 1998 to the present.
Web of Science’s search features can be summarized as follows: There are four kinds of
searches:
•
•
•
•

Quick search: key word searching.
General search: Search by key word, author, source, or other means. Search
statements with Boolean Logic can be used.
Cited Reference search: Search to find all those authors or papers which cite a certain
paper or a certain author.
Advanced search: search using key words or other search terms which can be tagged
to limit them to certain fields.

In Web of Science the first search results will be very brief citations. However one can click on
the title to get a full record, including an abstract. Abstracts were never available in the printed
Science Citation Index. When you are viewing the full record, there is much more searching
which can be done very easily just using the mouse.
Click on Cited References to get the references at the end of the paper.
Click on Times Cited to find those newer papers citing the item at hand.
Click on Related Records to find other records which cite some of the same references
as the original article in your search.
Web of Science provides a very flexible basic search on the home page. As shown in Figure 8,
the AND operator can be used, as well as others, and the pull down menus to the right offer
several options.
•
•
•

108

Fig. 8. Web of Science. Initial search screen. Source: Thomson Reuters

Brief but complete citations are the results of the search (Fig. 9)
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Fig. 9. Web of Science. Results of search in Fig. 8. Source: Thomson Reuters.
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Fig. 10. Web of Science. A full bibliographic record. Source: Thomson Reuters
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The full record (Fig. 10) is a starting point for further exploration of the literature. The references
in the paper can be viewed, and “Times cited” lists newer articles which cite this one. A key
feature of Web of Science, however, is the Cited Reference Search (Fig. 11).

Fig. 11. Web of Science. Cited Reference Search. Source: Thomson Reuters.
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Fig. 12. Web of Science. Results of search in Fig. 11. Source: Thomson Reuters.

One can search for articles citing all of the author’s work by just filling in the first box, or limit
the search to articles citing only one work by the author. One can also limit by cited years. In
Figure 12 (results as brief citations) one can select a citation and view the full record (see right
column). These are all the citing references which are newer than the article by Strier we started
with, and which cite that article. Figure 13 shows the full record of a citing article selected from
Figure 12. This full record is significant because it actually allows us to search the literature
further in four ways: One can click on “Times cited” to get those citing this article; one can click
on “References to see the references at the end of this article (one of which is a citation to the
original paper by Strier); one can “view related records” (to the right). These are records to
articles which cite some articles in common with the article shown in Figure 13. Some of these
related records are shown in Figure 14.
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Fig. 13. Web of Science. Full record from Fig. 12 results. Source: Thomson Reuters.
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Fig. 14. Web of Science. Related records cf. Fig. 13. Source: Thomson Reuters.

The related records are ranked by how much they have in common with the one shown in Figure
13. That is, by how many Shared References they have. The top article in the list cites nine
articles in common with the one in Figure 13. Thus shared references give us the fourth way to
explore further ( see Fig. 15).
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Fig. 15. Web of Science. Shared References for Reference no. 1, Fig. 14. Source: Thomson
Reuters.
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Chapter 7. The Citation Concept
1. The Impact Factor
It is clear from Chapter 6 that one can find out how often a scientist has been cited, or even how
often one of his papers has been cited per year, or over all the years since it was published. Both
Science Citation Index and Web of Science make this possible.
The Institute for Scientific Information (ISI) in Philadelphia (which is now part of the Thomson
Corporation) has analyzed this kind of information in many ways. ISI is the publisher of Science
Citation Index and Web of Science. How frequently all the articles in one journal have been cited
can be computed, and this turns out to be very useful information. Each journal can be assigned a
citation frequency: how often all the articles in a journal are cited per year, i.e., how often the
journal as a whole is cited per year. However, some journals publish many more articles than
others, so are cited more often. There is a way to correct for this, to compare journals according
to how often the average article in each journal is cited. We want to find out if each article in
one journal is cited more, on average, than in another journal. Thus the corrected version of the
citation frequency is called the impact factor (1). This can easily be calculated, but it is
sometimes incorrectly defined in the literature. Here is how it is calculated:
• First, As an example we will take 2005 as the year the citations are counted.
• Next, all the articles published in a journal during 2003 and 2004 are counted.
• Then all the citations to these articles, during 2005, in the entire ISI database, are counted.
These are only citations to these 2003 and 2004 articles in that journal.
• Finally the impact factor is the ratio of these citations to these articles (2).
This can all be shown in a basic formula:
Impact factor =
2005 citations to 2003-2004 articles
2003-2004 articles
However, this is an approximation of how the calculation is done, because it involves more than
articles. Other citable items in the journal are also counted (3).
2. Journal Ranking
Most scientific journals cover a particular discipline, such as ecology, genetics, biochemistry, or
another field. A few cover all the sciences, such as Science and Nature.
ISI lists journals in a companion publication to Science Citation Index, the Journal Citation
Reports (4). They are listed alphabetically in one long list, and under each discipline in the
Journal Ranking Package. The journals in each discipline are ranked by the impact factor.
Therefore the journals at the top of each list have the most frequently cited articles. This can be
used, with several cautions, as one factor in evaluating journals. There is a second number, the
Cited Half Life. This is defined as follows: If all the citations in the current year to that journal
are ranked, according to the age of the article cited, then you count back until half of the citations
on this ranked list are included, and the age of the article cited is the cited half life (5). This may
measure the duration of interest in the articles of that journal.
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Can you evaluate journals exclusively according to ranks based on impact factor? There are two
major considerations:
a) Sometimes a journal has a lower rank because it is more specialized and not as many
people are working in that field to cite it. It is essential to take into account the specific
research areas of faculty at your institution, and how each journal serves the faculty, if
one can recommend to the library whether the journal should be retained. The primary
factor in journal evaluation must be local needs.
This includes use of the journal by those who may need to read it or check for recent
announcements, or other purpose, i.e., non citation usage.
b) Not all citations are equal. One may cite another’s work because it is a classic work, and
people customarily cite it out of respect. One may just be citing a method. One may be
citing a work to refute it or refute some point made in the article (6). There are many
reasons for citing, so not all citations are equal. This will be discussed in greater depth in
the next section.
3. Evaluating Scientists using Citation Data
This will be of interest to anyone who is planning a career on the faculty of a university. At one
time universities determined whether a faculty member should get tenure by how many papers
that person had published. There is a trend now to count all of the citations these papers have
generated. Citations are easily countable discrete units, and therefore such a count is objective.
Or is it? Are citations really discrete units of equal value? Citations are countable, but should
never be the sole basis for judging one’s work. People cite others’ work for a variety of reasons.
Weinstock (7) provided an extensive list of these reasons:
1. paying homage to pioneers;
2. giving credit to related work;
3. identifying methodology, equipment, etc.;
4. providing background reading;
5. correcting one’s own work;
6. correcting the work of others;
7. criticizing previous work;
8. substantiating claims;
9. alerting researchers to forthcoming work;
10. providing leads to poorly disseminated, poorly indexed, or uncited work;
11. authenticating data and classes of fact- physical constants, etc.;
12. identifying original publications in which an idea or concept is discussed;
13. identifying an original publication describing an eponymic concept or term;
14. disclaiming work or ideas of others;
15. disputing priority claims of others.
Note that a few of these are actually quite negative: disputing, correcting, disclaiming, etc.
Sometimes a paper is cited a lot because of a method, or it is politically important to cite
someone's work (8).
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4. There have been several papers in the literature of scientometrics (essentially, the sociology of
science) which have complained that there is a bias in the Subject Category Listing (in the
Journal Citation Reports): The highest ranking biochemistry impact factor for 1998 was 39 for
the Annual Review of Biochemistry, for example, while for ornithology the highest was 1.438
for the Journal of Avian Biology. Three factors are at work here:
1) research in field biology takes a long time and it takes some years before an article typically
gets cited, compared to biochemistry. Remember that the impact factor looks just at the previous
two years.
2) there are many more biochemists to cite each paper than there would be in many fields like
ornithology.
3) In this example the top biochemistry serial is an annual review serial, and annual reviews get
cited more because the review articles are read by a wider interest group than regular research
articles.
If annual reviews were removed from the lists, the average impact factor in the biochemistry list
would still be far higher than that of ornithology or many other categories.
One of the earliest ones to bring this up was Roger Taylor (9), who devised a different impact
factor to eliminate the bias against field biology and toward laboratory oriented disciplines like
biochemistry. This is based on the fact that field biology may involve years between original
work and final publication. He took into account several factors, one of which was the number
of all current citations which are to the prior two years of a journal (as in the standard impact
factor). He then compared that to the number of citations covering a much longer period. If that
fraction is small, the inverse would be a large corrective factor, used to increase a very low
impact factor.
3. Global versus local citation counts: If a journal is highly cited, does that mean you should
have it at your library? It would depend on cost and how useful it is to your faculty and students.
Some journals are not highly cited because they are in a very narrow field with few researchers,
but are very important to a researcher in that field.
By looking at the bibliographies of current articles published by the faculty, one can see how
often various journals are cited by faculty, and this is local citation data. My own preliminary
study indicates that there is a low positive correlation between local citation frequencies and the
more global frequencies listed in Science Citation Index.
4. Size: The size of a journal is important in terms of the influence of a journal on a discipline. A
journal with a low impact factor means the average article is not cited very much, but some such
journals are very voluminous, publishing a large number of articles per year, and thus have a
large aggregate influence, since the whole journal is actually cited a lot. While it is true our
earlier discussion pointed to the impact factor as a device to correct for the different sizes of
journals, we also need to consider the fact that very large journals with lower impact factors
nevertheless will have an important impact just based on the number of citations to their large
numbers of published articles.
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5. A note: Some journals have a news type function, are used a lot in libraries, but are not cited a
lot.
6. Interactions Between Authors, Journals, and ISI (Institute for Scientific Information): In the
Chronicle of Higher Education, a very insightful article has appeared about the impact factor
(10). The main points in this article are: the history of the impact factor, and how it is calculated
is covered; the impact factor is used to determine whether people are hired, get tenure, or even
get grant funding; it has taken on an influence which is not its original intent; the influence is so
great that people have taken action to improve their own citedness. For example:
• Researchers try to publish papers in high impact journals, often avoiding low impact
journals which are perfectly good
• They cite themselves
• Editors encourage prospective authors to cite articles in the editor’s journal
• Journals can publish more of certain kinds of citable items (letters, news items, etc.)
which are counted in the numerator but not the denominator in the impact factor
calculation.
• Journals can publish more review articles, since these are highly cited. (11)
The article also covered ISI’s response to these actions. They stopped listing a journal whose
citations were mainly from that journal (85% self citations). The Journal Citation Reports now
list the percentage of citations which are journal self citations. For anyone going into a scientific
research career this paper is must reading.
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Chapter 8: The Web: Biological Resources
Introduction:
Searching the World Wide Web is very similar to searching databases in some ways: Boolean
logic and some of the other operators can be used in the major search engines. However there are
major differences. You are generally not searching the same literature, certainly not journal
articles or conference papers to any great degree. You may not be able to tailor your results on
the web as well as you can with a traditional database, since thousands of web sites often come
up. Fortunately there are relevance algorithms which can generally put the best sites at the top of
the list. Google works very well this way. There is a vast array of sites covering biology on the
web, and this chapter will provide you with the leads to get into it all.

Search Tips and Techniques:
There some things you should know about searching the web, especially its limits, and some
caveats. If you are searching for material on a topic you would be using one of the main search
engines, such as Google, Alta Vista, All the Web. Each search engine has its own database which
it searches, rather than covering the whole web. Therefore Randolph Hock(1) recommends using
more than one search engine to get full coverage of your topic (the search tips and techniques in
this section are from Hock's very useful book, see reference 1). This is a very good idea when
you are beginning your research. You may later find that one search engine is enough if you do
not have to really cover a topic.
Each database also has an index of terms and your terms must match those in the index. In my
own searching, this does not seem to provide a very serious limit. I can still use key words quite
freely. There are help screens, but unlike the ones in databases, these can leave things out and
may not provide complete assistance. Unlike specialized databases, search engines appeal to the
masses, so a user does not need a lot of education to use them. Because of this, a student can get
better results by using scientific names for species rather than common names, for example. Use
technical terms instead of the popular name for some concept or thing. Some basic search tips:
You can use Boolean logic: AND, OR, NOT as described in Chapter 6. Some search engines,
such as Alta Vista, use a proximity operator (NEAR) to require two terms to be within ten words
of each other (2). This gives us a stricter association between the terms than AND but of course
not as tight an association as in phrase searching:
•

For exact searching of a multiword term or phrase, put quote marks around it: "protein
synthesis" or "invasive species"(3). Phrase searching is much better than using any of the
combining operators listed above when terms must be adjacent. It is also best for names.

•

In some search engines, you can limit your search to a particular field, such as:
title:ecology or allinurl to limit to a URL (4).
You can truncate a word, or use wild cards, such as wom?n to get woman or women. For
example, just as in the online databases different search engines can have different

•
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•

•

•

•

•

truncation symbols: * in Alta Vista (5), or in AOL Search (6), or % in Northern Light.
Use truncation with care - be sure to anticipate unexpected terms. Cell* would get you
cell, cells, cellular. Don't truncate too short: cat* would get you cat or cats but also
unwanted retrieval such as cathode, catecholamines, etc.
If you are searching for a species, use the scientific name rather than the common name
to get more scholarly (and more accurate) results: Turdus Migratorius instead of robin
(7).
Some search engines, like Google, use relevancy ranking to put the best sites at the top
of the list (8). But since these lists are often very long, I have found that the best sites
would normally be in the top ten or twenty, not just the top one.
Sometimes very long URLs can be troublesome, and it may get you to the web site you
are seeking (9). It is best to use the first parts of the URL and then navigate within the site
to get the page you need. To locate the Search Features Chart as mentioned below, you
could type in just http://searchenginewatch.com/ and navigate within the site to get to the
chart.
Use the advanced search feature to more precisely tailor your search. "Advanced" does
not mean harder or more sophisticated, just a better way to limit your search by exact
criteria.
Nesting is a way to provide meaning to a search strategy (as discussed in Chapter 6 on
databases searching)(10). If you wanted to search for behavior in two animals, for
example you might try: behavior AND dog OR cat. This would give material on dog
behavior and everything about cats! Too much. Instead use parentheses: behavior AND
(dog OR cat) so the entire search is limited to behavior and not everything.

There are more search features. They can be found in the Search Features Chart at
http://searchenginewatch.com/facts/article.php/2155981. In fact Search Engine Watch is an
excellent place to visit frequently to keep up on developments in the web.
This brings up the question: how do you tell whether you have a good, authoritative web site?
To evaluate whether you are getting good accurate or authoritative information from a web site
consider the following questions, as listed in Jacobson and Cohen (11):
•

•
•

•

Who mounted the site? A high school student, or a scientific society? If an individual
mounted it, the quality could be good or poor, depending on the scientific knowledge of
that person. Some of the best sites are produced by organizations: universities and their
departments, libraries, various research laboratories and institutes, scientific societies,
and governments.
What authority or special knowledge does the author have? What is the author's position
or education?
What is the purpose of the site? Is someone trying to sell you something or persuade you
of something? Both are signs of biased and inaccurate or exaggerated information. Is it
trying to inform you? This is not automatically such a sign.
How current is the site? Is it updated regularly? Most important is the information in the
site current?
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•

•
•

How comprehensive is the site? Does it cover a specific time period, or aspect of the
topic, or is it comprehensive? It is fine to be thorough in its coverage of a limited scope,
however, if it so states.
Hyperlinks - are they relevant and appropriate to the topic?
Style and functionality - Look for good organization, good writing style, and very
important, ease of navigation (this goes along with good organization). For large and
extensive sites, look for a search capability.

The quality of the many sites on the web is extremely variable. An example of a very doubtful
site
which
may
appear
legitimate
to
an
inexperienced
user
is:
http://www.healthynewage.com/chronicfatique.html. This and many other such sites can be
reached very easily by misspelling fatigue as "fatique" in Google (it was the first site on the long
list). You should note several clues that this is not a good site. Misspelling is one, and the
absence of good contact information anywhere on the site is another. You can apply the above
criteria to see what kind of a site it is. They are clearly trying to sell you tapes, medicines,
programs. It is also all from one viewpoint, that of holistic medicine. Also note the repeated
disclaimers (though the authors are still selling something). There are claims that simple cures
can work with what is actually a very severe condition. This means a site like this could actually
cause serious harm.
Compare the "fatique" site to this one: http://www.ama-assn.org/. This is the home page of the
American Medical Association, clearly a reputable organization. Note that they provide contact
information, the site is simple and easy to navigate, and it refers you to physicians. There are no
ads AND no self promoting language. If you did not know that the AMA is a reputable
organization it would not be hard to find out. Various authorities can vouch for it, you can look
up the top officers of the organization to see what their credentials and/or positions are, and other
means. In another chapter I will be discussing various reference sources such as the
Encyclopedia of Associations which gives you a good start on tracing this all down.

There are many kinds of biological information on the web: anatomy, physiology, classification,
biochemistry, information about species, ecology, conservation, biodiversity, genetics, and a lot
of information related to the Human Genome Project: DNA sequences, sequence matching (and
hence phylogenetic relationships) protein structure, and more.
There are other forms of information as well: Publications, references and bibliographies, contact
information for organizations and individuals, access to library collections, online texts, tutorials,
even courses.

Some Important General Web Sites:
1. AgNIC (http://www.agnic.org/agnic/). The Agriculture Network Information Center is a
partnership of almost 50 organizations, including the National Agriculture Library of the USDA.
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It provides a database of web sites, image collections and more. It also has news discussion
groups and more.
1. AlgaeBase (http://www.algaebase.org/. This site includes 121,014 species and infraspecific
names of algae and 4240 images as of this writing, making it a major source for algal species. It
covers marine and freshwater algae. It allows searching by author, genus, common name, species
distribution, and glossary terms. It also has a taxonomy browser.
1. American Fisheries Society ( ) This society is concerned with conservation and sustainability
of fisheries. It publishes journals [list] and many books. There is a search box and a lengthy list
of web sites: government agencies, associations, conservation projects, databases and more.
2. Animal Diversity Web (http://animaldiversity.ummz.umich.edu/site/index.html): The Museum
of Zoology at the University of Michigan produces this database of thousands of species. It has
pictures and other media. Students produce species accounts, faculty do higher taxa. The students
are from several universities, and the accuracy of their accounts is not guaranteed.
3. Biodiversity -Species Diversity (http://www.nbii.gov/portal/server.pt): From the National
Biological Information Infrastructure, which is a part of the Federal Government under
the……[get info]. This database is a gateway to many web sites on biodiversity and species lists
arranged by major taxonomic category. On the home page there are major resources covering
data, biological resources, teacher resources, contacts and a search box [check]. In addition it has
a list of hundreds of links to other web resources: general ones and more specific cataegories
such as archaea, fungi, plants, animals, invertebrates, and more. Some of the links are to major
utilities such as the Tree of Life Project, and even Audubon Field Guides.
4. Biodiversity and Biological Collections Web Server (http://biodiversity.uno.edu): Covers
biodiversity in many areas, such as botany, zoology, etc. and information on societies, museums,
biologists, and more.
5. Biology Browser (http://www.biologybrowser.org): This site offers key word searching and
browsing by organism, subject or geographic terms. Each of these directories leads you to many
web sites at a very specific level. The organism browser is one of the easiest and most
convenient one for classification from phylum to species. It is produced by Thomson Biosis, the
publisher of Biological Abstracts and Zoological Record.
6. Biology Gateway (http://www.academicinfo.net/biology.html): This site links you to biology
search engines, databases, image galleries, culture collections, virtual dissections, and more.
7. CNAH (http://www.cnah.org/). This is the site for the Center for North American Herpetology.
The amphibians and reptiles of the United States and Canada are covered, 590 known species. In
addition there are over 16,000 color slides and images.
7. GBIF (Global Biodiversity Information Facility) (http://www.gbif.org/). This is a
collaboration of many organizations and individuals providing data on species worldwide. The
data is in library collections, records of direct observations, museum specimens and more. All
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this information is being digitized to make it available to internet users – some of it for the first
time. It is still in development, planning to be the major site for the world’s biodiversity
information. It has many features available now, however. On can use the taxonomy browse
feature to assess the classification of a species, from domain, kingdom, phylum all the way down
to species. It also has a search engine which allows one to search by scientific name, common
name, search string, and more. The search can be limited by country. NOTE: This is part of a
general trend involving many organizations seeking to make biodiversity data, including images
of specimens and organisms, and many kinds of data readily available on the web. It is due at
least in part to the present urgency to hold on to as many species as we can in the face of habitat
(especially forests and reefs) destruction worldwide.

8. Infomine: Biological, Agricultural and Medical Sciences (http://infomine.ucr edu/cgibin/search?category=bioag): Produced by librarians from several universities, this site has
databases, electronic journals, electronic books, bulletin boards, library catalogs, articles,
directories and more. It has basic and advanced search modes as well as browsing. The search
features are more like those of a traditional database than a web site, since it has full Boolean
Logic. It covers several sciences in addition to biology. Its browsing feature uses Library of
Congress Subject Headings, showing the influence of librarians.
9. Internet Directory of Botany (http://www.botany.net/IDB/info.html) An important gateway
for botany compiled by several major botanical gardens. It has an alphabetical list of web sites
which is very extensive, hundreds of sites under each letter of the alphabet. I also has a search
engine. It has not subject approach but they recommend going to Scott’s Botanical Links for that.
One can also use the search engine for a key word approach.
10. Iowa State Entomology Index of Internet Resources (http://www.iastate.edu/List/). This site
aims to organize the thousands of entomological sites on the web. It can be searched by
taxonomic group, and content type ( e.g., bibliographies, checklists, images, directories, etc.) and
has basic and advanced search capabilities.
11. Microbes.info (http://www.microbes.info/). This site links to many web sites in microbiology,
provides images (many are excellent) news and feature articles. It also has FAQs.
11. Missouri Botanical Garden: Plant Science (http://www.mobot.org/plantscience/default.asp).
This major botanical garden provide much information including “Botanical Database” which
has over 900,000 plant names, and includes 50,000 plant images.
12. PLANTS Database (http://plants.usda.gov/). This database has a wealth of information about
American plants. It includes vascular plants, mosses, liverworts, lichens, and others. The image
gallery has more than 30,000 images.
10. Scott’s Botanical Links (http://www.ou.edu/cas/botany-micro/bot-linx/): This site had 1863
links as of April 29, 2006. It covers all of botany and provides a number of routes to this very
large resource. It has a search box and a subject index. One good selection here is “Web
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Resource Pages for Botany”. This and several other categories get the user to the botany
resources. One can also link out to the rest of the web, not restricted to botany. On the home page
one will find “Scott’s Link-of-the-Day” which features the best links. Other links are also
highlighted and described. The author of this sit e is Dr. Scott Russell of the Department of
Botany and Microbiology, University of Oklahoma.
11. Society for General Microbiology () Based in the United Kingdom, this site lists
microbiology news, Microbiology Today [check], meeting announcements, an online
encyclopedia, and a major list of links to resources in bacteriology, culture collections, genomics,
medicine, teaching, virology and more.
12. Tree of Life Project (http://tolweb.org/tree/phylogeny.html). More than 3000 scientists
world wide contribute to this site. You can trace the phylogeny and classification of any
organism from the largest category (domain, kingdom, phylum) right down to species.
13.2004 IUCN Red List of Threatened Species (http://www.redlist.org): A complete list of
threatened species with degree of endangerment for each species. The International Union for the
Conservation of Nature (IUCN) has been publishing Red Lists for many years in print. It has
long been the authority on endangered species, world wide. This site has a very good
sophisticated search engine allowing one to do a refined search for threatened species restricted
by various parameters. One of the parameters is the categories list: extinct, extinct in the wild,
critically endangered, endangered, vulnerable, lower risk, near threatened, least concern. The
latter is a new category. Also there is a “data deficient” category. Some of the parameters are:
country, region, habitat type, date, various threat types. The categories are all explained in the
introduction page at this site.
14. Veterinary Medicne Resources on the Web
(http://www.lib.iastate.edu/collections/eresourc/vetmed.html):
This site, from Iowa State
University, covers indexes and abstracts, journals and web sites. The web sites include major
gateways in veterinary medicine.
15. WWW Resources for Food Science and Related Areas (http://www.ca.uky.edu. This site,
from the University of Kentucky, lists many web sites in food law, food safety, food science,
pathogens and microbiology, professional societies, government regulations and a lot more It
also covers sites from the Centers for Disease Control and FAO.
16. WWW Virtual Library (http://vlib.org): One of the earliest major gateways to web sites, this
is a collection of many specialized "virtual libraries". The home page shows sixteen major
categories covering a broad array of disciplines. The Agriculture category has seven virtual
libraries, including forestry and gardening. The Natural Sciences and Mathematics has five major
sciences, including Biosciences, which itself has fourteen major virtual libraries, such as botany,
microbiology, genetics, and much more. Each of these virtual libraries provides a very large
number of links to good websites.
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Images on the Web:
The web is a vast repository of images, of species and other types of images. Many are excellent
color photographs. They are easy to find under Google – Images, and there are major image
gateways as well, as listed here.
1. Botanical Society of America Online Image Collection. (http://images.botany.org/): There are
many image collections on the web, and often the quality is excellent. In this one there are 800
images available in fifteen collections. One can select a collection to browse or one can enter a
search term or phrase. The coverage of the field of botany is very broad. For example, economic
botany, paleobotany, plant geography, plant morphology. It also has floral ontogeny – see
Chapter 3, Reference Sources for some resources on flowering plant classification and its history.
[LINK]
2. Cn3D (http://ncbi.nih.gov/Structure/CN3D/cn3d.shtml) This is a program from the National
Center for Biotechnology Information’s Structure collection. It allows one to view protein
molecules in three dimensions, in several modes: ribbon, ball and stick, space filling and more.
There is the option of having the program rotate the image so one can view all parts of the
molecule, or one can orient it in any direction with the mouse. It has many features, such as
highlighting an amino acid, enlarging the image, or, with other programs compare two similar
proteins in 3D. This is entirely spatial, so is different from BLAST which compares sequences.
The structures are from Entrez .

3. Virtual Museum of Bacteria (http://www.bacteriamuseum.org/). Produced by the Foundation
of Bacteriology, this site has links to text but also images and videos. It covers bacteria,
including pathogenic bacteria, evolution, food and water safety, immunology and antibiotics.
4. Visible Human Project (http://www.nlm.nih.gov/research/visible/visible_human.html):
Detailed three dimensional anatomy of the human male and female, and links to many other sites.

Genome and Protein Resources on the Web:
There are many databases emanating from the Human Genome Project, and they provide
access to genomes and sequences. The Human Genome Project was a result of an effort by the U.
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S. Department of Energy and the National Institutes of Health. It began in 1990 and a complete
map of human genes was completed in 2003, two years ahead of schedule. A second major goal
of the project was to provide the sequence of all three billion DNA base pairs in the genome(12).
Some of the most important databases are provided by the National Center for Biotechnology
Information in Bethesda , Maryland . These can be found associated with PubMED, the free,
public version of the MEDLINE database. Some provide DNA sequence information and at the
same time extensive bibliographies of relevant articles. Therefore these databases do not easily
fit into the traditional primary, secondary and tertiary classification of the literature as outlined in
Chapter One.
These databases and research tools provide several kinds of information. Nucleotide allows
searching for the DNA sequence of a particular gene, along with the literature (articles)
associated with it. Some Protein databases provide amino acid sequences for particular proteins.
Others give you exact position information for the atoms in a protein, and some provided full
three-dimensional models of protein molecules in color (Protein Data Bank, or PDB). There is
software available which allows you to view a 3D model of a molecule and then rotate it, to see
all parts of it! Some databases let you view detailed genetic maps, showing the precise position
of a particular gene (OMIM, which is the human Mendelian genetics database available through
PubMED). There are many more available at the PubMED site.
If you are able to obtain the sequence for a gene, therefore, what can you do with this
information? For one thing, you can compare the sequence to that of the gene in more than one
species, and thus, by matching and exactly aligning two or more sequences, establish
evolutionary (phylogenetic) relationships between species, thus updating or revising any existing
classification of those species. This is made possible by software (again, available through
PubMED) called BLAST (13): that is, Basic Local Alignment Sequencing Tool. The BLASTn
[cite] version does DNA sequences and the BLASTp version does amino acid sequences. These
are in fact very powerful research tools, made possible only because we now have many
complete genomes all in full sequence (14),
Some Major Web Sites for Molecular Biology:

1. genomics.energy.gov (http://genomics.energy.gov/): This site covers the genome projects of
the Department of Energy. It also covers how genes and proteins function to create living
organism (DOE Genomics: GTL) and the Microbial Genome Program. Media and teaching
materials are also provided.
2. ExPASy Proteomics Server (http://expasy.org/): Switzerland has long been an important
player in the Human Genome Project. The Swiss Institute of Bioinformatics provides this site.
ExPASy is the acronym for Expert Protein Analysis System, very important in the analysis of
protein structure. The new field of proteomics is growing rapidly. This site provides the
resources and tools to do this kind of research.
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3. ExPASy Life Science Directory (http://www.expasy.ch/links.html): This is a very large
gateway to many resources in genomics, genetics, proteins, chromosomes, phylogenetics,
microarray databases, and related topics. It also has some specialized sites such as publishers,
societies, databases which specialize in species, genes, and companies. It has a list of gateways
in biology.
4.GenBank (http://www.psc.edu/general/software/packages/genbank/genbank.html) This is a
major DNA sequence database from NCBI.
5. GDB Human Genome Database (http://gdbwww.gdb.org): "The Official Worldwide Database
for the Annotation of the Human Genome" (quote from the GDB home page). You can search
for genomic segments, people, citations and much more.
6. PDB Protein Data Bank (http://www.rscb.org/pdb/): From the Research Collaboratory for
Structural Bioinformatics, much information about each protein provided, sequence and 3D
structure. (NOTE: You can view ribbon and cylinder 3D models of proteins here. However there
is an easy way to view the 3D space filling models (these show each atom in the molecule) when
databases do not provide them readily: Just go to Google, choose Images and type in the name
of the protein).
7.
Pedro's
BioMolecular
Research
Tools
(http://www.biophys.uniduesseldorf.de/BioNet/Pedro/research_tools.html). This site provides an enormous link to many
gene and protein database and research tools such as BLAST. In fact this may be the major
gateway to genome and molecular research tools. It also has much more - bibliographic sites,
texts, guides, tutorials, and journals.
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Chapter 9: Government Publications

This chapter will focus on websites and publications of the United States Federal Government.
The Government is one of the world’s largest publishers, and every agency of the government
has its own web site with links to its own subagencies and other links. Most of the publications
come from the many agencies of the Executive Branch, under the President. However there is a
very large collection of congressional hearings, many of interest to scientists, often on
environmental, health, pharmaceutical or other scientific issues.
The main agencies doing scientific work are: the Departments of Agriculture, Energy,
Environmental Protection Agency, Health and Human Services, Interior, National Science
Foundation, and the Smithsonian Institution. To be sure, a large department like Health and
Human Services has well known subagencies, such as the National Institutes of Health and the
National Library of Medicine. In fact the really large agencies can have many subdivisions with
sometimes hundreds of whole series of reports.
This chapter will, for the most part, be organized around the agencies. Searching for government
publications or web sites is made much easier by knowing the organization of these agencies and
what they publish.
1. How Government Publications are classified (Superintendent of Documents Classification):
This is important for locating any print sources on the shelves in a library. Each agency has a
different call number which is mnemonic. For example, the USDA has “A” for its class. An
example of a call number will show reveal how it works:
A13.78:RM270
A – Department of Agriculture
13 – Forest Service
.78 – Research Papers (one of the Forest Service’s series of papers)
RM – Research Papers form the Rocky Mountain Forest and Range Experiment Station, Fort
Collins, Colorado
270 – Research Paper number 270: “Relationship Between Breeding Birds and Vegetation in
Four Woodland Types of the Missouri National Grasslands”, by Rich B. Hopkins, et al.
This is a full research article with introduction, methods, results, discussion and conclusions,
references, and appendix on bird species, and information on the author. Therefore it is just
like a journal article.
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Not all agencies have a number with exactly this structure, because they do not generally
have all the separate experiment stations like the Forest Service under USDA. However the
call number does generally reflect the fact that many government publications are in
numbered series. An agency may have many kinds of series (1), such as circulars, pamphlets,
bulletins, research papers, research notes (generally shorter than research papers), and many
more. Some call numbers do not reflect a numbered series of papers, but show a year instead.
For example:
C59.4:983 would be an annual publication of the Department of Commerce with this edition
published in 1983.
[Analyse this call no. as well]
2. Profiles of Executive Branch Agencies of Scientific Interest:
Department of Agriculture
Address: 1400 Independence Avenue SW, Washington, DC 20250
Phone: 202-720-4623
URL: http://www.usda.gov/ (2)
SUDOCS Class: A (Superintendent of Documents)
Date Founded: 1862
Purpose: Maintain farm income; Promote marketing of farm products; Cure poverty; Protect
environment on private land; Maintain productivity on farms; Rural Development; Agricultural
Research (3).
Fields of Science Covered: Agriculture, Food Science and Nutrition, Soil Science, Forestry,
Agricultural Economics, Conservation (4).
Subagencies of Interest: Forest Service; Natural Resources Conservation Service; Food and
Nutrition Service; National Agriculture Library; AquaNIC ( Aquaculture Network Information
Center); Animal Welfare Information Center (5).
Important Web Sites:
National Agricultural Library (http://www.nal.usda.gov/): The Library was established in 1862,
as one of four national libraries (Library of Congress, National Library of Medicine, and the
National Library of Education are the others)(6). It is the largest agricultural library in the world
with over 3.3 million items [cite ALD]. It coordinates USDA field libraries and state land grant
libraries. Its book and serial collections are available through the Agricola database which
provides online searching for articles and books.
Animal Welfare Information Center (http://www.nal.usda.gov/awic): The Center was established
in 1986 within the National Agricultural Library(7). It provides information on humane care , use
and handling of animals, of use to everyone involved with animals, especially laboratory animals.
This site provides access to publications, databases, news, literature searches, and much more. It
provides literature searches on alternative procedures for research on animals which are more
humane than traditional laboratory procedures. It also provides guidelines for this.
Food and Nutrition Information Center (http://www.nal.usda.gov/fnic): Established in 1971, the
Center became one of several information centers in the national Agricultural Library in 1977(8).
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The Center collects and disseminates information for consumers, health professionals and
educators. This web site also provides much valuable information on dietary supplements, food
composition, and diets.
Natural Resources Conservation Service (http://www.nrcs.usda.gov/): Established originally as
the Soil Conservation Service in 1935, the Service now provides expertise in soil conservation
but also covers water, ecology, engineering, resource economics and social sciences (9). At this
site there are many useful links, including the Plants Database which has checklists,
classification, a flora of North America, fact sheets and much more. A very large number of links
are available here. At http://soils.usda.gov/ , a large amount of soil data is available, including
the soil survey maps which cover the U. S. at the county level, in full detail.
Agricultural Research Service (http://www.ars.usda.gov/): Established in 1953, the Service
conducts research to solve problems with livestock diseases, quality and safety of farm products,
nutrition, natural resources, farm profitability, and research support for other government
agencies (10).
Special Information of Interest:
Databases: Agricola, CRIS (Current Research Information Service: provides free online searches
on current research in progress), Quick Bibliographies (computer searches on many topics).
Department of Commerce
Address: Fourteenth Street and Constitution Avenue NW, Washington, DC 20230
Phone: 202-482-2000
URL: http://www.commerce.gov/ (11).
SUDOCS Class: C
Date Founded: 1913 (12)
Purpose: Promotes U. S. international trade and economic growth; U. S. technological
advancement; promotes understanding of the environment; Supports scientific research (13).
Fields of Science Covered: Meteorology, oceanography, telecommunications.
Subagencies of Interest: Weather Service; National Oceanic and Atmospheric Administration
(NOAA) and all its departments, such as National Marine Fisheries Service; Office of Oceanic
and Atmospheric Research (14).
Important Web Sites:
National Weather Service (http://www.nws.noaa.gov/): The National Weather Service provides
weather and climate forecasts and weather warnings for such events as hurricanes. It also
provides detailed temperature and precipitation data for all weather station locations, for each
state and New England, in the Climatological Data series.
National Marine Fisheries Service (http://www.nmfs.noaa.gov/): The Service is responsible for
the management, conservation and protection of our marine resources.
Fisheries Resources (http://commerce.gov/fisheries.html): The U. S. Commission of Fish and
Fisheries, established in 1871 is the precursor to the National Marine Fisheries Service (15). Yet
this web site links you to many good sites on marine mammals, endangered species, aquaculture,
status of our oceans, fisheries regulations, fisheries permit shop, commercial fisheries, essential
fish habitat, fish strandings fisheries economics, market news and more.
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Special Information of Interest: The fisheries URL above has a very large image and photo
library. The Weather Service provides a series for each state (except New England which is
treated as a region), Climatological Data, with much detailed weather information in each
series.
Department of Energy
Address: 1000 Independent Avenue SW Washington, DC 20585
Phone: 202-586-5000
URL: http://www.energy.gov/ (16).
SUDOCS Class: E
Date Founded: 1977 (17).
Purpose: Promote a secure and reliable energy system which is environmentally and
economically sustainable, scientific Research, cleaning up facilities (18).
Fields of Science Covered: Biology, environmental science, computational sciences, physical
sciences (19)
Subagencies of Interest: Office of Science and its subdivision, the Office of Biological and
Environmental Research. The latter provides a major genome gateway, DOEgenomes.org (20).
Important Web Sites:
DOEgenomes (http://www.DOEgenomes.org.): [update name, URL]This site links you to
information on the Human Genome Project, Genomes: GTL which provides information about
how genes function, microbial genomes, education, media, and ethical, legal and social issues.
For anyone wanting to learn the basics, or to teach genomics, the image gallery especially, and
the genomics primer are just not to be missed.
Special Information of Interest: The Department of Energy was the original founder of the
Human Genome Project (21).
Environmental Protection Agency
Address: 1200 Pennsylvania Avenue NW, Washington, DC 20460-0001
Phone: 202-272-0167
URL: http://www.epa.gov/ (22).
SUDOCS Class: EP
Date Founded: 1970 (23).
Purpose: Develops policies, regulations, standards for air water and soil quality. Protection of all
these resources, evaluates and regulates pesticides and industrial chemicals, promotes the
public’s right to know (24).
Fields of Science Covered: Ecology, chemistry, natural resources, pollution (25).
Subagencies of Interest: The following Offices: Solid Waste and Emergency Response:
Pesticides and Toxic Substances; Research and Development; Enforcement and Compliance
Assurance (26).
Important Web Sites:
Environmental Protection Agency (http://www.epa.gov/): The home page for this site is a very
rich source for links. There are several current news releases, and the “Quick Finder” lists many
important topics, such as pollutants and environmental issues. This list continues on another page
for well over 100 topics.
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Special Information of Interest: Many environmental impact assessments available.
Department of Health and Human Services
Address: 200 Independent Avenue SW, Washington, Dc 20201
Phone: 202-619-0257
URL: http://www.hhs.gov/ (27).
SUDOCS Class: HE, HHS
Date Founded: 1953
Purpose: A vast array of purposes promoting human health and biomedical research (28).
Fields of Science Covered: Medicine, biological sciences.
Subagencies of Interest: National Institutes of Health: National Institute of Mental Health;
National Center for Biotechnology Information; National Library of Medicine; Food and Drug
Agency; Indian Health service (29).
Important Web Sites:
Centers for Disease Control and Prevention (http://www.cdc.gov/): The fundamental purpose of
the Centers is to protecting the health of the nation (30). They also respond to health related
emergencies. This web site has a search engine and many links to very useful sites especially for
the general public.
U. S. Food and Drug Administration (http://www.fda.gov/): The primary purpose of the FDA is
to ensure food and drug safety, although the USDA is also involved in food safety via meat and
poultry inspectors (31). This site has a search engine, has many links, such as to hot topics, and
even allows your input to the FDA. It also has links, under “Reference Room” to laws,
regulations and major government publications, such as the Federal Register.
National Institutes of Health (http://www.nih.gov/): Established in 1887, originally as the
Laboratory of Hygiene (32), a major purpose of the NIH is to support research in biology and
medicine through grants. It also is involved in disseminating scientific information through the
National Library of Medicine and the National Center for Biotechnology Information. It is
composed of 27 institutes and centers (33). One example is the National Cancer Institute (see
below).
National Cancer Institute (http://cancer.gov/): The National Cancer Institute conducts and
supports research on cancer. It also disseminates information to the public and to the scientific
and medical communities via the Journal of the National Cancer Institute (34). This site has a
search engine and many links. It provides an article on each major type of cancer, with causes,
treatment, and links to the literature on that cancer in the form of searches in PubMED, already
done for you. This is a great convenience for anyone researching cancer.
Other web sites from the NIH are listed in the Web Sites Chapter, no. 8. The Department of
Health and Human Services is vast, and has many other web sites and sources of information.

Special Information of Interest: Provides the MEDLINE database, and its free public version,
PubMED, along with several genome, genetics, and protein databases.
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Department of the Interior
Address: 1849 C Street NW, Washington DC, 20240
Phone: 202-208-3100
URL: http://www.doi.gov/ (35).
SUDOCS Class: I
Date Founded: 1849
Purpose: Protect and provide access to the nation’s natural and cultural heritage; honor trust
responsibilities to tribes and island communities; manage public lands, minerals, national parks
and wildlife refuges; historic preservation, endangered species, mine restoration (36).
Fields of Science Covered: minerals, wildlife biology, conservation (37).
Subagencies of Interest: Bureau of Indian Affairs; Fish and Wildlife Service; National Park
Service; Office of Surface Mining and Reclamation Enforcement; U. S. Geological Survey (38).
Important web Sites:
Fish and Wildlife Service (http://www.fws.gov/): Established in 1940, the mission of the Fish
and Wildlife Service is: “working with others to conserve, protect and enhance fish, wildlife, and
plants and their habitats for the continuing benefit of the American people” (39). The home page
has news releases and a large number of portal links. The link “species” leads to a site with lists
of endangered species, birds, invasive species, images, other species, wildlife fact sheets. It is an
excellent gateway to wildlife information on the web.
National Park Service (http://www.nps.gov/): Established in 1916, the National Park Service
manages national parks, national seashores, national recreation areas, national historic sites, and
many other facilities. It also provides educational opportunities at these sites (40).
U. S. Geological Survey (http://www.usgs.gov/): Established in 1879, the U. S. Geological
Survey investigates the geology of the U. S. and energy, mineral and biological resources (41).
The Biological Resources Division (http://biology.usgs.gov/) assesses our biological resources,
conducts research, and disseminates biological information, to the public and to scientists in the
Department of the Interior.
Special Information of Interest: The Department of the Interior publishes species maps, and
topographical maps which cover the entire nation.
National Science Foundation
Address: 4201 Wilson Boulevard, Arlington, VA 22230
Phone: 703-292-5111
URL: http://www.nsf.gov/ (42).
SUDOCS Class:
Date Founded: 1950 (43).
Purpose: Increase the nation’s base of science and engineering knowledge, strengthen the ability
to conduct research. A major research grant funding agency (44).
Fields of Science Covered: Biology, computer and information sciences, engineering,
geosciences, mathematics, physics, and the social, behavioral and economic sciences (45).
Important Web Sites:
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Discoveries (http://www.nsf.gov/discoveries/): This site covers new discoveries in several
sciences, including biology (46).
This site provides information about funding
Funding (http://www.nsf.gov/funding/):
opportunities and how to prepare a grant proposal.
Special Information of Interest: The National Science Foundation is known for providing
grants for established scientists, but it also supports the research efforts of undergraduate and
graduate students.
Smithsonian Institution
Address: 1000 Jefferson Drive SW, Washington DC, 20560
Phone: 202-633-1000
URL: http://www.smithsonian.org (47).
SUDOCS Class: SI
Date Founded: 1846 (48).
Purpose: It is an independent trust of the U. S. Government. To carry out the will of James
Smithson for the increase and diffusion of knowledge among men (49).
Fields Covered: Natural history, astrophysics, biology, environment, history, art (50).
Subagencies of Interest: 16 museums and galleries, National Zoo, research facilities in several
states and Panama (51).
Important Web Sites:
Science and Technology (http://www.si.edu/science_and_technology): This site covers a great
variety of science highlights, for the general public, with many illustrations.
National Museum of Natural History (http://www.mnh.si.edu/): The Museum has one of the
world’s largest collections of specimens in all areas of natural history.
National Zoological Park (http://nationalzoo.si.edu/):
Special Information of Interest: Major series of publications in science: Smithsonian
Contributions to: Marine Sciences; Botany; Zoology; Paleobiology; and others.
3. Some major Indexes in Print:
Long before online databases existed, the U. S. Federal Government produced many major
indexes to its publications. Online databases are often based on these, or derived from them. A
few of them will be described here.
Government Reports Announcements and Index. Springfield, VA: National Technical
Information Service, 1975- . Semimonthly.
Technical reports from governments and other organizations are listed here in abstract form. In
each semimonthly issue the reports are organized under major subject headings, 38 in all. A few
of interest here are; agriculture and food, biomedical technology and human factors engineering,
environmental pollution and control, and medicine and biology. Each report entry has an abstract
number (used by the several indexes), subject, subcategory, NTIS order number (since the
original full reports are for sale), corporate organization, title, authors, report number,
contract/grant number, and a fairly lengthy full abstract.
All of these components lend themselves to being indexed, so there are, to a degree,
corresponding indexes: key word, personal author, corporate author (this means publishing
organization), and the various numbers. There is a fair amount of biology in all this though not a
large component of the whole. The one drawback is the reports are not organized by call
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numbers so you will need a librarian to help you find them, or order them for the library so you
have access. .
Guide to U. S. Government Publications. Edited by Donna Batten. Detroit: Thomson Gale,
1959- .
Published every year since 1959, originally by John Andriot, this guide lists all the series of
publications of the U. S. Government, but not individual items. Most government publications
are numbers in series. The series are arranged by agency, and within each agency by
Superintendent of Documents call numbers in full depth and detail. This makes it easy to find
items on the shelves in the library, and this guide is therefore very useful and convenient. There
are indexes at the end: Agency Class Chronology (which lists year covered by each major call
number category), Agency Index, Title Index, Key Word Index.
United States Superintendent of Documents. Monthly Catalog of United States Government
Publications. Washington: U. S. Government Printing Office, 1895 - .
This index covers all government publications which come from the Superintendent of
Documents. It does not cover ones form the National Technical Information Service (to be
covered below). It is in fact a catalog in the sense that it announces government publications for
sale, and each monthly issue has ordering information. Each entry for a publication provides
complete information, including an accession number and a Superintendent of Documents call
number. The entries are arranged by government agency, and hence call number. This is very
useful in a library for findiing the publications on the shelves. Each monthly issue has a title key
word index in it, using the accession numbers to lead you to the entries.
There are annual indexes also: author, title, subject, title key word, and others which are
probably not as useful to students: Series Report Number, Contract Number, Stock Number.
There have also been indexes covering much more time than the annual ones: five years or more.
Figure X show a sample search using some of the annual indexes.
4. Databases and Major Web Gateways to Online Government Information:
Information Bridge ( http://www.osti.gov/bridge/)
Publisher: Department of Energy
Time period covered: 1994 – present
Subjects covered:
Biology, chemistry, physics, materials, environmental science, energy
technology, engineering, computer science.
Publications covered: Reports from the Department of Energy, contractors and grantees.
Search options: Basic search (one search box for key words); Fielded search has the following
fields: bibliographic data, full text, author, title, subject, identification number, conference
information, patent number, research organization, sponsor organization, or all fields at once.

139

Special search features: Drop down menus allow sorting by relevance date, and other
parameters. In addition to the usual Boolean operators, the NEAR operator requires two terms to
be near each other, but the relevance rank is higher the closer together they are. This is quite
different from the usual use of proximity operators.
Limits available: publication date, system entry date, publication type.
Display options: Brief record, full text.
DOEgenomes.org
As a provider of teaching tools, images, tutorials, research tools, and all kinds of genomics web
sites, this major gateway leads you to a massive wealth of information. Anyone working in
genomics and related fields should be sure not to miss this one.
Publisher: Department of Energy, Office of Science, Office of Biological and Environmental
Research.
Time period covered: 1990 – present.
Subjects covered: Genomics, the Human Genome Project, and genomes and genome projects
for other species.
Publications covered: Journal articles, many web sites, sequences, tutorials, images.
Search options: on some pages, basic search boxes, but mainly lists of sites to click on.
Special search features: N. A.
Limits available: N.A.
Display options: Web sites and full text of articles

GPO Monthly Catalog
This is the online version of Monthly Catalog, which has been available from the Government
Printing Office since 1895. It covers all the available documents from this office, i.e., all those
with Superintendent of Documents call numbers. These are for sale via the Monthly Catalog in
print or online.
Publisher: U. S. Government Printing Office is the origin of this database.
Time period covered: 1976 – present.
Subjects covered: Not restricted by subject.
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Publications covered: All types of government documents: congressional hearings, reports,
judicial materials, materials form all executive agencies, but not including NTIS reports.
Search options: Basic (one search box) and Advanced with 30 fields to choose from.
Special search features: Results can be ranked by relevance or date or no ranking. Truncation
can be performed in three ways: * for full truncation, + for plurals, and ? for internal truncation
(referred to as wildcard). The w (with) operator requires words to be adjacent and in that order.
An option is w3 for example ( such as chicken w3 egg) allows up to three words between, but in
that order. The (near) operator works the same way, including numbers (such as n5), but the two
words can be in any order.

Limits available: Date range, document type.
Display options:
URLs are present.

Brief record; Full record with full cataloging information: Full text where

NEPIS (National Environmental Publications Information System)
Publisher: Environmental Protection Agency
Time period covered: 1990 – present.
Subjects covered: Air and water pollution, cleanup, compliance and enforcement, economics,
ecology, environmental management and technology, human health, industry, international
cooperation, radiation, treatment and control, wastes (including hazardous wastes).
Publications covered: Technical and popular publications produced by the EPA.
Search options: Simple (one search box); Advanced; Publication Number; Title; Fields Search.
Advanced search allows you to put in a key word, choose “any”, “all” or exact phrase, date range,
Results, or Precision (referred to as Fuzziness – see below). Fields Search allows you to search
by publication number, title, pages, full text query Results Precision, select archive.
All of these search methods have the Fuzzyness feature: it requires an exact match to your search
term, or allow anywhere from one to four letters to vary instead of matching. The provider
recommends setting the Fuzzyness feature at no more than 2. This is a unique feature, and it is
best to play with it a bit to see what the results look like before doing any serious searching.
Special search features: Within, “W/n” requires two terms to be within n words of each other,
in either order.” P/n” is similar, but the two words must be in that order as written. To requires a
word to fall between two others:” climate TO weather {change}” would require the word
“change” to be between climate and weather.
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Thus NEPIS has some special and unusual search features.
Limits available: Date limit, library to search, in Advanced.
Display options: Brief records, full text.

NTIS Web Site
Publisher: NTIS (National Technical Information System, Department of Commerce)
Time period covered: 1990 – present.
Subjects covered: Many, generally science and technology. In the life sciences: agriculture and
food; biomedical technology and human factors, environmental pollution and control; health care.
Publications covered: NTIS reports of research, research reports sponsored by NTIS. These
technical reports are not covered by the Government Printing Office, and do not have
Superintendent of Documents call numbers. Ask for a librarian’s assistance in locating them. It
also means one should search both GPO Access and NTIS for fully comprehensive searching.
Libraries can order these for their collections if important to library patrons, or anyone order
them.
Search options: Basic and Advanced. The Advanced Search allows one to choose a category
(see Subjects covered above for useful categories) then three boxes for search tem input.
Combining operators available: adjacent to, AND, OR, NOT.
Special search features: N.A.
Limits available:
Date, Number of records returned. There are also sorting options
(alphabetical, relevance, date).
Display options: Brief records and full record (to get entire publication, you must purchase it –
this option is readily available as you view full record).

Science Inventory
This database allows you to find out what the EPA is doing in all its activities.
Publisher: Environmental Protection Agency
Time period covered: current or recently completed science activities (see below).
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Subjects Covered:
Nineteen topics covered, generally: air, water, pollution, ecosystem
assessment, global change, toxins, pesticides, conservation, genomics, human health protection.
Publications covered: research reports, development, scientific and technical studies,
monitoring, audits, inspections, compliance, enforcement, technical assistance, technology
transfer, and dissemination of EPA science. Some of these are articles published in peer
reviewed journals
Search options: Basic: One search box, or choose to cover any or all of: science activities, peer
reviewed articles, the archive, or the Environmental Management Information System (EPA’s
metadata repository).
Advanced: Has all the Basic Search features, but with more options: select from a large number
of partner organizations, limit searching to all, abstract, title, key word, or search by EIMS
number.
Special search features: N.A.
Limits available: See above.
Display options: Brief record with title and explanatory note; Full record.

GPO Access
This is a major gateway to many databases, and a large part of the U. S. Federal Government’s
output.
Publisher: Government Printing Office
Time period covered: 1994 – present.
Subjects covered: Not limited by subject.
Publications covered: Congressional bills, the Congressional Record, laws, regulations, Federal
Register, Presidential documents, hearings, web sites, and much more.
Search options: This depends on the many databases included or accessed here. On example is
searching the Code of Federal Regulations: key word, agency name, CFR code.
Special search features: Uses ADJ for proximity searches, where two words must be adjacent.
Relevance ranking. Browsing. Most of the searching in this vast gateway will be done by
following the many links.
Limits available: Depends on the database.
Display options: Full text, PDF full text, Summary.
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Science.gov
Publisher: General Services Administration. This is part of Firstgov, an enormous gateway to
government publications.
Time period covered: 1990 – present.
Subjects covered: Agriculture, food, applied science and technology, astronomy and space,
biology, computers, earth and ocean sciences, energy and energy conservation, environmental
science, health and medicine, math, physics, chemistry, natural resources, and science education.
Publications covered: Millions of government web pages – federal, state, District of Columbia
and U. S. territories. These include many kinds of documents – databases (mainly Agricola),
images, conference papers, and more.
Search options: Basic Search (one search box). Advanced Search provides searching the full
record, title, author, and the “all or “any” choice for more than one search term. The “any”
choice could get you too many irrelevant hits. Advanced Search also has a date range limit.
Special search features: Full truncation: use “*”. To truncate allowing only one more letter,
use “?”.
Limits available: date range in Advanced Search. On the home page choose one of twelve broad
topics.
Display options: Brief record, full text of document.

5. Searching Government Databases:
Two things should be kept in mind when searching these government databases. For one, you
should know the government agency which produces the database, and the kind of work they do.
Second, you should have a general idea (as provided above) what kinds of publications are in the
database or site. You may be used to resources such as Biological Abstracts, covering regular
journal articles – but the government databases cover a wide variety of publication types:
technical reports, some journal articles, ongoing research, congressional bills, federal regulations,
laws, and much more. Therefore it is best to know what to expect before searching.
The following search examples are chosen to illustrate unique search features, in a few of the
databases. Some of the databases listed above have simple, basic search features or are based on
browsing, so there is no need for instruction in their use. The main theme is endangered species,
or endangered mammals where there is enough material to be worth searching.
Information Bridge (Department of Energy):
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In this database we will search the subject field. It is a good idea to do this to find an appropriate
subject term, for comprehensive searching (often better than the key word approach). In Figure 1
we put in “Endangered Species” as a phrase, and click on Search. The results screen appears
(Fig. 2). Click on any of these brief entries to see full text. In Figure 1 we use the Fielded Search
to illustrate the many options one has depending on how much information one has in the
beginning, such as a patent number. The search can also be tailored in various ways, such as date
range.

Fig. 1. Fielded search screen, Information Bridge.
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Fig. 2. Search results, Information Bridge.

GPO Monthly Catalog:
This database is one of several FirstSearch databases, and uses the standard FirstSearch search
engine. Using the Advanced Search (Fig.3) we input “endangered w species”. The with operator
with no number after it requires the two terms to be adjacent.. The results number 715 (Fig. 4).
Each brief record can be clicked on for the full record. This has full cataloging, but is not full
text. As many as 25 words between the two terms can be allowed (52). The “N”(near) operator is
also an adjacency operator, but the two terms can be in either order (53). It also allows as many
as 25 intervening words.
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Fig. 3. Advanced Search, GPO Monthly Catalog (FirstSearch).
FirstSearch Catalog screens are used with OCLC's permission.
trademark of OCLC Online Computer Library Center, Inc.

FirstSearch is a registered
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Fig. 4. Search results, GPO Monthly Catalog (FirstSearch).
FirstSearch Catalog screens are used with OCLC's permission.
trademark of OCLC Online Computer Library Center, Inc.

FirstSearch is a registered

NEPIS:
The Advanced Search screen (Fig. 5) has some unique features, especially Fuzzyness.
It allows alternate spelling of a word, or a closely related word, varying it by anywhere from one
to four letters. Start our search setting it at “Exact match”, the best approach until one is familiar
with this feature. Searching for “endangered W/1 species (allowing one word between), we
retrieve 2693 records (Fig. 6). If we set the Fuzzyness level to a “Two Character Difference”,
performing a search (Fig. 7) for “endangered W/1 species”, we would get somewhat more.
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Fig. 5. NEPIS (National Environmental Publications System): Advanced Search, Fuzziness
feature set at “exact match.”
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Fig. 6. NEPIS: Search Results.
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Fig. 7. NEPIS: Fuzziness feature set at “two character difference.”
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Chapter 10: Lessons Learned
This is a brief overview of what we can learn from the book.
1. A major lesson can be learned from searching the literature. When you complete a search,
you may find you don’t have enough good references. A fundamental fact is the strong
connection between publications of all sorts. Traditionally articles and books have always
had references to earlier publications. In books the references can be at the end of each
chapter or at the end of the book. Some research articles have many references, but
review articles generally have massive lists of references. Depending on the nature of the
site, a web site may have references also, if it is an online article or book, but generally
web sites have many links to related sites.
• Track down these references and links to carry your search further
• In ScienceDirect you can click on some references at the ends of full text articles and
obtain the full text of these, and repeat the process.
• However, this does lead to older and older articles. Use Web of Science or Science
Citation Index to find newer articles which cite these. Then find more older, classic
references and see who cited these – this is called recycling.
• Web of Science lets you really navigate the literature in very interesting ways:
o You can find a list of references at the end of each article
o You can also find articles which have cited an article of interest
o You can find related articles, which share some references with the article
you have just found
o You can find these shared references also.
This is the linking which unites all of science in a kind of citation network.
2. Database design: Databases are designed to fit the sciences they cover. Biological
databases have fields covering taxonomy, and chemical databases allow searching
of specific chemicals and chemical reactions.
3. Search engine results:
• Relevancy ranking: Remember that the list of web
sites you have retrieved is usually long, so the most relevant ones are not just the first one
or two, but more likely the top ten or twenty.
• The quality of web sites varies, but they can be evaluated:
o Who mounted the site? A reputable organization or not?
o Is it current?
o Is it easy to navigate?
o Are the links relevant?
o What is the purpose of the site? Is it to inform, or to sell you something?

4. Preparation of terms:
• Use Boolean logic and all related methods to put search terms into a strategy
• An important aspect is nesting: use parentheses carefully to give you search strategy
its correct meaning
• Truncation must be used with care. Don’t truncate too short
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•

Databases consist of records referring to publications. Each record is comprised of
many fields or components. This has three consequences:
o Related to the Boolean operators, AND, OR, NOT, are narrower operators which
search for two or more terms in the same field or same sentence (narrower yet)
o Terms can be restricted to a specific field of your choosing, such as Brachyteles
in OR, for example, the organism field.
o Certain fields (especially the descriptor field) contain controlled vocabulary
which you can use in a search strategy. However, if you just click on one of these
terms you will be doing a new broad search not restricted to your previous
strategy. You can always use the descriptor as part of a new search strategy.
o Controlled vocabulary terms (descriptors) can be qualified in some databases or
sources (most notably the Library of Congress Subject Headings or PubMED) by
a standard set of subheadings. In PubMED for example you can limit a search on
a descriptor using subheadings, such as “diagnosis”, “therapy”, etc. The Library
of Congress Subject Headings have various types of subheadings: geographic,
publication type, etc.

5. Categories of search terms:
• Key words – advantages: currency, flexibility
• Controlled terms – comprehensive coverage of a concept. Can be of any type:
geographic, corporate author, taxonomic, chemical substance, other
• Personal author
• Corporate author (name of organization)
• Numerical codes usually stand for broad concepts
• Cited reference
• Cited author
6. Thesaurus: Controlled terms are not merely listed. Their relationships are shown in a sort
of network: a thesaurus which shows you:
• The term in correct usage
• Broader terms
• Narrower terms
• Related terms
• Cross references from unused terms to used, approved terms
• Cross references between two approved terms
7.

Developing a search strategy: The main lesson here is to write out your search
question as a statement. Analyze the statement into separate concepts. Represent each
concept in a column of related terms, combining them with the OR operator. You may
have two or more columns. Each entire column is combined with other columns using the
AND operator. You are now ready to write up the search statement, using Boolean
operators, nesting and all the techniques for modifying words.

8.

Evaluation: Not all information has the same validity. It is important to be able to
tell how accurate or authoritative the information is. There are three places, at least,
where evaluation is important:
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•
•
•

Web sites need to be evaluated based on who mounted the site, design, currency, ease
of use, relevance of links
Journal articles are written so the scientifically trained reader can evaluate the data
and conclusions
The ISI impact factor is used to evaluate journals and to evaluate a researcher’s work.
Yet there are many caveats and cautions to using a simple number, when the citations
comprising it are themselves varied in their purpose and importance. Impact factors in
some fields are much higher than in others, either because there are more researchers
in those fields, or the nature of the work allows them to cite other papers sooner,
boosting the impact factor.

9. Government publications – Some pointers:
•

•
•
•
•

The Superintendent of Documents call number system is very useful in helping
you find government publications on the shelves. It is based on government
agencies and each call number reminds you which agency is involved. A call
number also reveals the series of publications.
Some databases from the Government have unique search methods. An example
would be “fuzzyness” which allows for spelling variations, in the NEPIS database.
Each agency will have a different approach to scientific publications based on its
mission.
When you choose a database you need to know what kinds of publications that
agency produces [elaborate on this].
Finally, the U. S. Federal Government, in all its agencies, produces an incredibly
large and rich library of resources.
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